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ANIMAL FEED ADPmVE AND MgTHOD FOR 
INACTIVATING MYCOTOXINS PRESENT IN ANIMAL FEEDS 

BACKGROUND OF THE INVENTION 

This invention relates to a method for inactKrating mycotoxins which may be present as 
contaminants in animal feeds by adding a phyllosilicate/sequestrant formulation to animal feed which will 
function as a mycotoxin inactivating agent 

Mycotoxins, chemical substances produced by ubiquitous fungi, can make the difference between 
profit and loss to the poultry and livestock industnes. Animals are extremely vulnerable to mycotoxins due 
to the common practice of diversion of mycotoxin contaminated agriculturai commodities to animal feed. 
Thus, mycotoxicoses, or mycotoxinHrxluced diseases, frequently occur in animals. 

It Is readily apparent from a review of scientific literature that the most studied arxl prevalent of 
these agents are the aflatoxins, a group of dosely related poiysubstituted coumahn derivatives, which are 
biosynthestted by ffaws and oarmsiticus species of AsoeraHlus fungL The aftatoxins have invoked much 
concern as toxic food and feedbome agents following the discovery that they: i) are potent carcinogens 
and mutagens. 2) are stable in foods and feeds and are relatively unaffected by a vahety of processing 
procedures. 3) can be found as resklues in the tissues of animals and humans* and 4) are associated with 
animal and human disease. 

A preponderance of poultry arxl livestock exposure to aflatoxins is chronic in nature and occurs 
through the ingestion of low levels of these chemicals such as 'marginally contaminated' rations which do 
not increase the mortality rate nor result in obvious signs of disease. Instead, chronic exposure to 
aflatoxins results in economically important effects in animals such as depression of growth rates, feed 
conversion, and alteration of immunocompetency which can result in increased susceptibility to infection 
arKl decreased ability to resist stress. 
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Numerous approaches to reduction of aftatoxin levels in agricutturaJ commod'rties have been 
experimentaUy assessed. These tndude mbcing and dilution with aflatoxtn-free grains in order to obtain a 
level within regulatory guidelines, i.e. 20 ppb or less: physical methods of separation such as cleaning, 
density segregation and preferential fragmentation: soivent extraction: bioiogiral inactivation: thermal 
inacttvation: and chemical inactivation with a variety of acids, aldehydes, oxidizing agents and alkalies. 
These approaches have been relatively unsuccessful on a commert:ial scale due to lacic of efficacy, 
economic constraints of the protocol, unacceptable alteration of feed quality, or the introduction of 
potentially deleterious substances. Consequently, simple, cost effective, practical and safe processes by 
wtilch animal feeds can be decontaminated or detoxified are in great demand. 

The present applicant has recognized the widespread detrimental effects of aflatoxins in animal 
feed and has developed an addith/e which effecth/eiy binds aflatoxins or otherwisa inactivates the aflatoxins 
during ingestion by animals. The bound or inactivated aflatoxins are subsequentty excreted in the animal 
feces resulting in little or no detnmental effects on the animals. 

Qays such as montmoritonite have previously been incorporated into poultry feed at levels as low 
as one percent of the animai ration as In U.S. Pat No. 3,687,680. Bfects accompanying the addition o* 
montmorflionrte included Increased growth rate and body weight of the chiclcens and reduced mortality 
rate. Dietary additions of zeolites (Smith, J. Animai Science . 1980 Vol. 50(2), pp. 278-285), bentonile 
(Carson, M.S, Thesis University of Gueioh . Canada 1982) and spent bleaching day from canola oil refining 
(Smith, Can. J. Animal Science . 1984. Vol. 64, pp. 725-732). have been shown to diminish the adverse 
effects of T-2 toxin and zearalenorie in rats arxi immature swine. The adsorption of aflatoxin Bl from 
various liquid nr>edia by various day minerals, induding mommorillonites, has been reported (Masimanco 
et al.. Ann, de Nutrition Pt Alimentation . 1973 Vol. 23, pp. 137-147). 
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SUMMARY QFTHg 1^4VE^mON 

Accordingly, it Is the object of the instant inventton to provide an aninnal feed addilh/e which 
eliminates the adverse effects of mycotoxins, especially aflatoxins, which are present in the feed without 
promoting undesirable side effects in the animals such as weight loss. It Is a further object of the instant 
invention to provide a method to prevent the effects of mycotoxin (aflatoxin) intake in animals, especially 
poultry and swme. through the cojoini administration of minimal amounts of these additives with normal 
animal feeds. 

The present Inventors surprisingly have discovered that the incorporation of a second Irigredlent, 
chosen from a group of sequesirants commoniy used in food processing, along with a suitable 
phyilosilicate capable of Inactivating a mycotoxin, preferably a mommoriilonite day, produces a material 
exhibiting heightened capacity for adsorbing aflatoxin in vitro and further that such materials also exhibit 
sufc>stantlaity enhanced capabQlty for reducing the effect of exposure to aflatoxin in vrvo. 

Further, it has been discovered that such formulations can be uiBlzed as feed additives to 
effectively bind mycotoxins, such as aflatoxins, which are Ingested In conjunction with animal feed. The 
bound mycotoxtn^ddWve complex is not signiflcantty adsortwd during digestion and It Is then excreted In 
the feces of the animal. 

It appears that the additives, that Is, the phyllosilteate/sequestrant complexes, which are utilized In 
the present invemlon as feed additives and supplements, act as biosequestrants which promote the 
maintenance of normal body weight gains in animals such as poultry. These additives reduce the levels of 
parent mycotoxins, especially aflatoxins, which are available for assimilation in their digestive tracts during 
feeding. These addlth/es effectively bind the mycotoxins and eliminate them in the feces. These additives 
are effective when used in minimal amounts as feed additives for providing protection against 
mycctoxicoses during ingestion and digestion of the animal feed which is contaminated with mycotoxins, 
panicularty aflatoxins. The additives of the present invention are combined with a substantially comoiete 
animal ration in minor amount, tor examole. an amount ranging from 0.05 to i .5 weight percent of the 
ration, preferaoly O.i to 0.5 weight oercent. most oreferafc)*y 0.2 lo 0.6 weight percent of the feed ration. 



BNSDOCtD: 4MO_^1366SA1JL> 



wo 91/13555 PCr/US91/01498 



-4- 



One aspea of the invention comprises a dry paniculate animal feed additive comprising panldes 
of a suitable phyilosaicate mineral coated with a minor amount of a water-soluble sequestering agent In an 
amount sufficient to enhance the mycotoxin ^activating capacity of the phyliosyicate mineral. 

Another aspect of the invention comprisee a dry solid animal feed composition in which 
biodegradable feed is contaminated with a mycotoxin and Is admixed with a minor amount of a mycotoadn 
inacthottng agent comprising partldes of a phyUosillcate mineral capable of inactivating mycotoxins, the 
phyllosfllcate mineral particles being coated with a sequestering agent m amoum sufficient to enhance the 
mycotoadn inacttvating capacity of the phyUosiicata mineral. 

In the preferred embodiments of the invention, the phyUosSicate is a smectite day. most preferably 
a mommorinonite day in vimich the ratio of divalem plus trivalent/monovalent exchangeable cations Is 
greater than 7. 

The preferred phyflosillcates used m practice of the invention are montmorillonite days which are 
known to possesses two kinds of binding sites: i ) those located on the basal planes of the day partldes, 
and 2) those located at the edges of the day partkies. Although the klentlly of the sites Involved m binding 
ailatoxin is unlmown. three possibllUes exist: l) binding is occurring on// on basal sites: 2) binding is 
occurring on/y on edge sites: or 3) binding is occumng on both basai and edge sites. One surprising 
aspect of the present Inventton is that the mcorporatton of various sequestrants actually enhances binding 
of afJatoxin even though some of the sequestrants used in the present inventkw are phosphate and 
polyphosphate sans which are known (Theng. The Chemistry of Clay-Organk; Reaction'. John Wley & 
Sons. NY. 1974. pp. 264-268) to bind selectively to edge sites (thereby rendering them unfft for binding 
other molecules). Under these circumstances it v«s expected that if case i were operative, there shouW 
be no effect of the added phosphate: if case 2 were operative, there should be complete inhibition of 
aflatoxin binding, and if case 3 were operative, there should be some degree of inhibitioa But for none of 
these cases was it expected that there would be an increase in aflatoxin binding even though that is what 
was actually otiserved. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 . Aftatoxin binding capacity versus sequestrant 'AP' loading on day A. 

Figure 2. Aftatoxin binding capacity versus sequestrant type avd loading on day B. 

Rgure 3. Aftatoxin binding caoacity versus sequestrant 'AP* loading days 6.C.D. and E. 

Figure 4. Aftatoxin binding capacity versus sequestrant type and loading on day A. 

Rgure 5. Aftatoxin binding capacity versus selected sequestrant/day combinations, low 
sequestrant loadings. 

Figure 6A.6. Aftatoxin in blood serum of chickens fed sequestrant/day versus day alone: 20 ppb 
and 80 ppb aftatoxin challenges, respecth/eiy. 

Rgure 7A,B. Same as above expect Ih/er tissue. 

Rgure 8-11. Deoxynrvalenol. zearalenorte. ochratoxin A. citrinin binding caoacity versus 
sequestrant type and loading on day B. 

Figure 1 2, Structural formulas for some common mycotoxins. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

Additives of the invention are uttitzed as small granules or powders and should be thoroughly 
mixed with the animal feed by any suitable manner prior to feeding. The terms 'animal feed* or feed 
ration* as used in the present invention refer to any natural and processed or otherwise modified organic 
materials which are susceptible to blodetertoration and which can be consumed by animals or birds for 
nourishment Examples of such organic materials would range from freshly harvested grains to peiletlzed 
feeds. The preferred animal feeds for use in the instant Invention are poultry and livestock feeds. 

The addlth/es which can be utilized in the instam invention as mycotoxin (such as aftatoxin) 
inaaivating agents indude vanous sequestrant/phyllosiiicate fonmulations wherein the phyllosilicate 
ponion of the formulation is preferat3*y a smectite type day. Structurally, phyilosilicates are essentially 
made up of layers formed by condensation of sheets of linked Si(O.GH)^ letrahedra wrth those of linked 
^(OH)^ octahedra. wnere M is erther a divalent or trivalent cation or combination thereof. In addition to 
possessing the aforementioned properties, smectite days also possess a lesser amount of mobile 
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(exchangeablB) catksns that can be easily soiubflized when these ciays are added to water. Phyllosillcate 
minerals include pyrophylltte, talc vermiculite. micas, kaollnites, and serpentines as well as smectites. 
QoseJy related to the phyllosiilcates are the fibrous day minerals including attapulgite and sepiolite. 
Examples of the preferred smectite days are: moramonHonite. Na-momnroriilonite, Ca-montmorilonite, 
r4a-bentonite, Ca-bereonite, beidelllte. nontronrte, saponite, and hectorite. Most prefen-ed are those 
momnwxtloniles possessing relattvety high ( + 2, + 3 / + 1 ) exchangeable cation ratios (le.- greater than 7) . 

The sequestram portion of the sequestrant/day formulation would indude food-grade sequestrant 
salts used In food processing. A partiai list of such substancas would Indude: sodium, calcium and 
potassium acetates: sodium, caidum and potassium ctirates as well as the free acid and monoisopropyl. 
monogiyceride stearyi and triethy* denvatives thereof: dlsodium dihydrogen and disodium calcium salts of 
ethylenediamsnetetraacetic acid (EDTA); calcium and sodium giucor^ates: oxystearin; oftfto phosphates 
(monocaidum add* dibasic potassium, sodium aluminum, dibasic sodium, monobasic sodhim, tribasic 
sodium); mem phosphates (caidum hexameta. sodlurh hexameta): pyro phosphates (tetrasodium, sodium 
add); sodium trtpotyphosphate: caidum phytate; sodium and sodium potassium tamaies as wett as the 
free acid: and sodium thtosUfate and mixtures thereof. 

Many of these sequestrams, for example citrate salts and corxlensed phosphate salts (e.g.. pdy 
and pyrophosphates^ are day dispersants, it Is wonn noting that although condensed phosohate salts and 
citrate salts can act as either dispersants (substances for tmnging fine partldes in water into suspension 
which usually decreases viscosity) or fiocculams (substances for bnngtng fine partides in water together to 
form agglomerates which usually increases viscosity), the levels used In these preferred embodiments 
causes them to act primarily as flocculants. Accordingiy. almost ail of the sequestrant/day slurries 
prepared in the fdlowing examples exhibited much higher viscosities than the corresponding pure day 
slurries. This would seem to rule out simple dispersion (and increased avaiiat>ie surface areaj of the ciay 
panides as the mechanism by which enhanced adsorption of aflatoxin is achieved. 
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A typical preparation of a prefefred seouestrant/Dhvtl Qsflicflte formuiatlon is as follows: 

1) Dissotve sodium trtpdyphosohate (STP) in water (10:90 parts/wt. ratio). 

2) Add STP soiuilon lo dried (-25 wt% loss-on-ignition) and ground (60-100 mesh) 
montmorillonite day in pugging machine such that the STP and day are present in a 4:96 
parts/wt. ratto (dry bastst. 

3) Pug day/STP /water combinatton for 1 5-00 minutes to effect intinrate mbcture of ingredients. 

4) Extrude the day/STP /water mixture (5/16" or S/B' die). 

5) Dry resuitant pellets (15-25 wt% los9-orv4gnttk>n)tn tray or rotary drier. 

6) Grind petlets to form granules (16-60 mesh) or powder (100-200 mesh). 

Another example of a procedure to prepare a preferred formulation would be as follows: 

1) Dissolve tetrasodium pyrophosphate (TSPP) In water. 

2) Add the TSPP solution to montmorillonite day such that the TSPP:day ratio is 4:96 and the 
resultant day /TSPP /water slurry contains 15 wt% solids (day + TSPP). 

3) Mbc components for 30 minutes using a Talboy mixer. 

4) Spray dry the mbcture using any suitable type of spray drier such that resultant microspheres 
have most of their diameters in the 60-80 micron range and possess 3-5 wt% free moisture. 

The following examples illustrate the invention and are not considerea restrictive of the invention as 
otherwise described herein. 

EXAMPLE i 

The foilowtng in vitro tests were performed to demonstrate the enhancement in affatoxin B1 
binding capacity that results when a Ca-montmorillonrte day obtained in Mississippi (Clay A) was coated 
with vanous levels of sodium acid pyrophosphate. In this example, a day slurry was prepared by mixing 
the dried (8-12% free moisture) and ground (93-97% T-lOO mesh) day in water (20 wt% solids), and then 
adding different amounts of soaium acid pyrophosphate to the stirred slurry such that the desirea 
sequesirani level (dry wt. basis) was obtained. The components were mixed for 30 minutes and then 
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pourea into avaooranng dishes and ptaced in an oven at 90-1 lO ®C ovemrgnt After arying. ina samptes 
were putvenzed tn a nammer mdt ana suosequendy screer>ed to obtain a -325 mesn fraction for further 
testing. Moisture coment, surface area, and pore volumes for these preparattons are (Isted in Table i . 

In vrrro binding studies were coruuaed using these materi'^ls as follows: A weighed samoie of 
additive was pUced into a dean 16X125 mm disposable gtass test tube. To this was added 5.00 mt of 
distilled water. The tube was vortexed forl5 sec and then ptaced tn a 37 water bath ana allowed to 
aqudibraxe for i hr. After i hr. 40 ^g of aflatoxin B1 was Introduced (In a I Mg/Ml sotutton). The tube was 
vonexed for 1 5 sec and then returned to the water bath and allcwed to stared at 37 for 15 mm. The 
supernatant was carefully decanted into a dean test tube. The supematam was then exiraaea to recover 
tne remaining mycotoxin. 

The superrtatant was extracted 3 times with 2 mi portions of dichloromeinane. The 
dichloromethane solutions were comt»ned and evaporated to dryness urxser a nitrogen stream phor to 
analysis. The dried residue from the aflatoxin binding study was redlssoived In a known volume of 



TABLE 1 

AFLATOXIN B1 BINDING VS SALT LOADING 

CLAY A/SOOIUM ACID PYROPHOSPHATE 



SURFACE i PORE I SALT . ^ AFB1 BOUND 
^ LOD(1) 1 AREA<2) |V0LUMEf3) j LDAOINQ 1 



oQ i 




(«, m/Q) 1 


(cc/o) 1 




UEVEL1 ; 


LEVa.2 : 


1 

0 




1 

59 


0.093 


A 


1 

49.0 1 


99.2 ; 


Q 




57 


0.085 


2 


56.3 i 


98.5 ; 


0 




50 


0.089 


4 


59.2 t 


99.2 ; 


0 i 


42 


0.082 


6 


61.8 1 


98.9 ' 


0 


1 


36 


1 0.077 


i B 


56.7 : 


98.5 : 


0 1 


27 


! 0.067 


! 10 


52.7 : 


98.3 : 


0 


1 


17 


1 0.057 


! IS 


51.7 ' 


99.2 


0 


1 


15 


i 0.044 


1 20 


1 46.7 : 


99.4 



I 



(1) LCD m wt% loss on crying ai UO degrees C for 4 nrs. 
:2) Measureo by BET meihoo. (31 Measured by BHJ metnod. 

Level 1 - 1 mg sorDent/40 ug toxin. 

Level 2 - 100 mg soroent/40 ug toxin. 
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cWoroform, 2 I of this sdution was spcsnod on HPTLC ptate (Anaitech) and deveioped using a 9/1 
cWoroform/acetone (v/v) sctvem system. Ouamttatton was made by visual comparison to known 
quantities at aflatoxin B1 spotted on the same plate. Analysts of the anatoxin controis was by GC/MS as 
well as HPTLC. All samples were mn in triplicate. Tetfahydrohiran (THF) which had been freshly rtistiled 
from sodium metal was used as the deiwery sotvem for aflataun B1. The percent recovery of aliatoodn 81 
from the supernatant was determined from control samples run for each experiment The percent recovery 
of aflatoxin 81 was consistendy found to be 100% for each experimertt • as confinmed by GC/MS. TLC and 
HPLC quantitation. 

As shown by the data In Table i and the associated graph (Figure l). there is a sutuxandal 
enhancement in the amount of afiatoxin bound when the day contains sodium acid pyrophosphate 
soquesirani. According to the graph shown in Rgure i , a maximum in enriancement is achieved when the 
day contains about 6 wt% of the phosphate sait Qeariy, higher levels of phosphate salt lead to reduced 
effk:iency of binding; in the extreme case when the day contains 20 vi^ binding capadry Is 

actually somewhat below that of the untreated day, Whie the reasons for this reduced binding efficiency 
at higher sait loadings Is unicnown. It Is worth noting (Table 1 ) that both surface area and porosity decrease 
as salt levels teKrease. This suggests there may be a trade off between the enhancement in binding 
caused by adding the sequesoant and the reductions it causes to surface area and porosity. As expected, 
higher levels of additive bind more of the toxin (compare l«ovel 1 vs. l-evei 2) - when 100 mg of soroent are 
used with the standard aflatoxin sdution. essentially all of the mycotoxin is bound. 



EXAMPLE fl 

The fdlowing in vitro tests were performed to demonstrate the enhancement in aflatoxin B1 
binding capacity and stabUrty that results when a Ca-montmoriilonite day obtained in Mississippi (Clay B) 
was treated with various levels of different (salt) sequestranis. Oven dried samples were preoared as 
descnbed in Examde I; spray dried samdes were prepared as previously descnbed (vide suora). 
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In vitro btixjing studies were conduaed using these materials as foliC3ws: A weighed sample of 
addtttve was placed into a dean 16X125 mm disposable glass test tube. To this was added 5.00 ml of Type 
III water (equivalent to doublenlistilied deionized water). The tube was gently agitated for 15 sec and then 
placed in a 37 water bath and allowed to equiiibrate for i hr After i hr, 40 /ig of aflatoxin Bl was 
introduced Cm a lag/fil solution). The tube was vortexed foris sec at 15 min imervals (15,30. and 4S min). 
After 1 hr, the tube was cemrifuged for 5 min at 1200 rpm to yield a pellet at the bottom of the tube, and a 
dear supernatant liquor above. The supernatant was then carefully decanted Into a dean test tube. The 
supernatant was then eaaracted to recover the remaining mycotoxin to determine (capacity of) binding. 
The residual day was extracted to detennine strength (stabflity) of binding. 

The supernatant was extracted 3 times vnth 2 ml portions of dlchloromethane. The 
dichioromethane solutions were combined and evaporated to dryness under a nitrogen stream prior to 
analysis. The dried residue from the aflataxin birxllng study was redissolved in a known volume of 
cWorofomi, 2 ^1 of this solution was spotted on HPTLC plate (Anaitech) and developed using a 9/1 
chloroform /acetor>e (v/v) solvent system. Quantitation was made by visual comparison to kncwn 
quantities d afiatoxin Bl spotted on the same plate. Addittonatly* an aliquot of the chlorofonm solutton was 
injected onto a Water HPLC system (normal phase radial compression column. Pon's solution was used as 
a njnning phase). HPLC detection was by UV atjsortsance at 365 nm. The quantitations were made by 
direct comparisons to a standard cun/e generated with known quantities of pure aflatoxin 81 . 

In vitro Statyilfty T^y iy- 

The resNjuai day from the 60 min binding studies was extraaed by first suspending the day in 3 ml 
of methanol. This was allowed to stand at room temperature for 5 mm at which time the suspension was 
centnfuged for 5 mm at 1200 rpm. The methanol was decanted into a dean test tube. The pellet was then 
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resuspenaeo in 5 mt of dlchlorometnane and ailowed to stand at room temperature for an additional 5 mm. 
At this time the susoension was carefully decanted imo the first (metriana) extract The organic phases 
were evaoorated to dryness unoer a nitrogen stream and analyzed using the same procedure as ttiat used 
tn the capacity study. The amount of tightly bound (stable) toxin was assumed to be the difference 
between the amount of toxin initially added artd the amount recovered from both the aqueous phase and 
the extract from the residual day. 

With regard to stabUity of binding. Table 2 contains the data on the percentage of af\atoxin firmiy 
bound to these fomniiattons when sut>)ected to the stability test procedure cescnbed above. As is dear, 
these formutattons form extremely stable complexes with the aflatoxin and most retain greater tt\an 9S% of 
the aflatoxin once it Is adsoroed. 



TABLE 2 

AFLATOXIN B1 BINDING VS. SALT LOADING 
EFFECT OF SALT TYPE WITH CLAY B 



SALT 


SALT 


AFB1 BINDING CAPACITY 1 


AFB1 BINDING STABIUTY = 


TYPE/LOADING 


CODE 


0% 1 


4H 


7^ \ 


10% i 


0% 1 


4%| 


7% 1 


10% \ 


jNaThlosutfate 


ST 


88.3 1 


87.8 1 


95.0 1 


94.2 1 


96.3 1 


98.5 1 


99.4 1 


98.4 1 


iNa atrate 


SC 


88.3 1 


95.0 1 


95.0 I 


92.5 1 


98.3 1 


97.4 1 


97.0 t 


95.5 i 


;Ca Gluconate 


CG 


88.3 1 


90.0 1 


81.7 1 


80.0 1 


98.3 1 


99.2 1 


96.3 1 


95.5 i 


iSoroitd 


SB 


88.3 1 


87.5 t 


95.0 t 


92.5 1 


98.3 1 


89.0 1 


96.0 1 


95.0 : 


Na Tanrate 


TT 1 88.3 I 


92.5 1 


95.0 t 


97.5 I 


98.3 1 


96.0 1 


91.5 1 


98.8 


EDTA 


ED 


1 88.3 ) 


95.0 1 


97.5 1 


98.0 1 


98.3 1 


97,0 1 


99.0 1 


99.8 


OtNa PtiQfionate 


DP 


88.3 1 


97.0 1 


97.5 1 


97.0 1 


98.3 1 


98.0 t 


99.3 t 


96.3 : 


rNa Add PyropnooDnate 


AP 


88.3 1 


92.5 1 


90.0 1 


87.3 1 


98.3 1 


99.7 1 


99.2 1 


98.5 


iNa HexameiaonosDnaKe 


HP 


88.3 1 


97.0 1 


92.5 I 


98.0 t 


98.3 1 


99.5 1 


99.2 t 


99.0 . 


STecraNa PyroDnosociate 


T4P 


1 88.3 t 


97.0 I 


97.5 1 


95.0 1 


98.3 1 


98.5 I 


95.5 1 


97.0 \ 


! Na TrfDotypncmiate 


T3P 


1 88.3 1 


92.5 i 


95.0 


97.0 1 


98.3 1 


98.5 1 


95.0 1 


98.3 1 


' Na ProDtonaxe 


SP 


1 88.3 1 


92.5 1 


87.5 


82.5 


98.3 1 


97.4 I 


97.0 1 


94.3 : 



CaPhytate CP ' 

. Spray dhod Na Otrai* SSC 

. Soray dnad Na Acid PyrGonaeonata SAP 

Soray drtad TocraNa PyroonoGonate STS 



88.3 1 85.0 i 77.5 I 87.0 i 98.3 1 92.0 1 97.1 ! 98.9 

88.3 1 98.0 I 97.5 i 97.0 1 98.3 1 98.7 i 98.8 I 96.3 

88.3 \ 92.5 i 95.0 1 90.0 1 98.3 I 99.9 I 99.4 i 99.6 

88.3 1 97.0 I 92.5 \ 88.0 i 98.3 i 97.7 ' 95.7 • 95.0 



BINDING CONDITIONS: 



1 mg sort3ent/40 ug toxin 
Dichiorometnane 
i 60 miny37 oC 



50 mg sort)ent/40 ug toxin 

MeOH/Acetone 

60 min/37 oC 
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TABLE3 

PHYSICAL PROPERTIES VS. SALT LOADING 
EFFECT OF SALT TYPE WITH CLAY B 

SALT SALT i BErSURFACeAaEA<aqin/o) '■ 8HJ PORE VOLUME (ce/q) 



TYPEA-OADING 


CODE 1 


0% i 


4^^ i 


7H 1 


10% 1 


0% I 


44^ 1 


7% 1 


10% > 


jSomitot 


SB 1 


88 1 


45 1 


28 I 


22 1 


0.14 1 








Iedta 


ED 1 


88 i 


41 ! 


24 i 


18 1 


0.14 1 


0.11 1 


0.07 1 


0.06 i 


Ma AcM PvrooftoacMiaf 


AP i 


88 1 


79 1 


75 1 


66 I 


0.14 1 




- i 




Na HflocamwDhonota 


HP 1 


88 1 


74 1 


71 1 


72 1 


0.14 1 


0.13 i 


0.12 1 


0.12 t 


TatrmNa Pyropnoconata 


T4P 1 


88 1 


74 1 


77 I 


64 1 


0.14 1 


0.13 1 


0.13 1 


0.11 I 


Na Tripotvpftogftaia 


T3P 1 


88 1 


75 1 


85 t 


74 1 


0.14 1 


0.12 1 


0.13 1 


0,11 1 


Isorav Ohad TatraNa Pyroonosohata 


STS 1 


88 1 


68 1 


78 1 


54 i 


0.14 1 


0.16 i 


0.16 1 


0.15 i 



As snown in Figure 2. practicailY ail of the sequestrant salts uiitizea in ctay/seauestram 
formulations enhance the binding capacity for aflatoxin over the base day (0% loading). The oruy 
exception is calcium phytate which seems not to improve btridlng capacity. Although the percentage salt 
loading reqtAred to achiave maximum enhancement m aflatoxin t)tndtng capacity varies from one salt to the 
next: most seem to reach a maximum tMfore 10 wt% of salt Is added. As mentioned above, surface area 
and pore volume for these formulations generally decrease with increasing satt toadlrtgs (see Table 3). 



EXAMPLE in 

The following in vitro tests were performed to demonstrate that the enhancement in ai)atoxin B1 
binding caoacity that results when a vanety of montmorilloniie clays are treated wrth vanous levels of 
different (satti sequestrants deoenos on comptex interactions tsetween the particular day/seauestrant 
corhbination tjeing utilized, as well as the level of the sequestrant t>eing used. Samples were oreoared as 
aescnbeo in Examoie 1 ana in vnro caoacny tests were performeo as descnbeo in Example 11. 

The data in Table 4 (see also Figure 3) sriows deariy that only one of the four source aays (Oay B) 
exhibits ennanceo caoacity for aflatoxin Bt wnen treated with soaium acid pyroonosonaie iAP) at levels in 
the range 7-21 wi%. This snows that with some days, the point of maximum enhancement in binding 
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capactcy is reacnea even oeiore 7 wt% of the sequesuant salt has been added. This resut is m essential 
agreement wnh the data presented in Example I. Figure 4 shows wmat happens wnen anotner scurca day 
(day A) Is simiiarty treated with vanous other sequestram salts. 



i TABLE 4. EFFECT OF CLAY AND SALT T\ PE 

! AFLATOXIN B1 BINDING ON CLAY/SALT COMPLEXES 



^ AFB1 BOUND (1 MQ SORBENT/40 uG TOXIN) 





SALT LOADING (Vm%) 




SALT 




1 CODE 1 


<m ) 




7H i 


14^ 1 


21% 




CODE 1 




69.5 1 




73,7 1 


66.4 


65.0 


01 Na EUTA 


ED 1 




69.5 




74.6 


62.4 


60.1 


FUatrata 


SCI 


i * 1 


69.5 




60.1 


69.3 


61.7 


Na HuunMOAooonat* 


HP 1 


; A 


69.5 




57.0 


53.0 


41,4 


01 Na Pnosonata 


DP i 


B 


89.3 




95.8 


92.2 


93.8 


Na Add Pyn»nosDnat8 


AP ' 


C 


82.9 


1 


82.9 


81.1 


82.2 


Ditto 


AP 1 


D 


77.8 I 


62.8 


63.9 


46.2 


Ditto 


AP i 


'. E 


92.6 


1 


91.2 


77.1 


75.9 


Ditto 


API 


1 % AFB1 BOUND (10 MG SORBENT/40 uG TOXIN) 




CLAY ! 




SALT LOADING (Vm^) 


SALI 


SALT 




CODE i 


0% 1 


7H 


1 14%b 1 21% 




CODE 






94.9 




95.0 


92.5 


91.7 


DtNaEOTA 


60 






94.9 




93.4 


87.8 


88.2 


NaOtrata 


SC 




A 


94.9 


93.4 


93.7 


90.4 


Na HcafnataoiM8pnat« 


HP 




A 


94.9 


81.8 


80.4 


85.0 


Dl Na Ptiospnata 


DP 




C 


95.2 


97.2 


96.6 


95.1 


Na Acid Pyroonosonate 


»1 


1 0 


97.7 


1 95.2 


94.7 


92.1 


Ditto 




E 


96.3 


1 93.9 


95.9 


94.6 


Ditto 


AP 1 



This examoie, therefore, illustraiea ttie fact that the optimum salt lev©* for achieving maximum 
aftatoxin bindirtg is not the same for ail combinations of soroenis and salts. Thus, for instance, the 
disooium sart of EDTA and sodium cttrate exhibit enhanced binding vvhen 7 vrt% sait levels are uiUlzed, but 
nwo other salts, hexametaohosphate. and disooium phosphate apparently have already exceeded their 

ooiimum Dv tne time 7 wt% ieveis are utilized. This suggests that ooitmum ctay/seouestram ccmoinations 

must De aetermineo tndfvidualiy. 
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EXAMPIE IV 

The foilowing in vitro tests oemonstrate that the desired ennancament m aflatoxin Bl btnaing 
caoactty is optimum at around 4% sail loadings when mommonilonite aays are coated wnh different 
sequestrams. m addition, the data presented In this example indicate that certain types of montmoriUontte. 
particularty those charaaenzed by high dl- and trtvalem/mcnovaient exchangeable cation ratios, are most 
suitable for preparing enhanced capacity toxin sorberas by the methods of the instant invention descnbed 
herein. Samples were prepared as descnbed in Example I except that generally higher solids contents 
were employed (24*38 wt%) with the exception of Gay C where only 9% solids were employed. In vim 
capactry tests were performed as descnbed in Example IL 

Table 5 lists the chemical arx) physicai properties for the mommonilonite days used in trus senes. 
As snown by the data in Table 6 (see also Figure 5). those days possessing relatively high (-^2. + 3/+i) 
exchange cation ratios (Oays A, B. D) are also the ones exhibiting enhanced afiatoxin binding capacity 
after treatment with ^elat^ely low levels of various sequestrant salts, regardless of whether that day 
possesses a slurry pH on the acidic or basic side. 

TABLES 

CHEMICAL AND PHYSICAL PROPERTIES OF SOURCE CLAYS 

CODE SA' SSt SSS^ ilM Vlaeositv^ 

(nt^/g) (cc/g) (meq/iOOgj (slurry) (cps> 



A 


67 


0.11 


104-112 


7,95 


357 @ 36% solids 


B 


62 


0.089 


84-100 


8.75 


375 @ 38% solids 


C 


30 


0.064 


111 


9.68 


1420 @ 9% solids 


D 


52 


0.10 


80 


5.51 


354 @ 38% soiids 


£ 


39 


0.078 




5.10 


323 @ 24% solids 



: . Surface area (BET meinod) ana oore volumes (BJH meinoo) were measured simultaneously with a 
Micromentics ASAP 2400. 2. Cation excnange caoacirv 3. Measureo with BrooKfield viscometer 
' #3 sDinote exceot samoie C. #6 sotncle). 
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TABLE5 (Contd.) 



CHEMICAL ANALYSIS (WTK\ 

5!Qj AijQj fSjQj Mfifi JSjO clay type 



A 


S7.6 


20.7 


2.82 


5.44 


3.32 


0,37 


0.19 


Ca-mcntmonltonite 


B 


67.1 


19.4 


5.87 


3.85 


3.10 


0.30 


0.44 


Ca-montmonllonite 


C 


63.5 


21.1 


5.08 


3.41 


4.10 


2.12 


0.70 


Na-montmorillonite 


D 


67.2 


22.1 


3.80 


4,16 


1,27 


0.32 


1,16 


Ca/Ai-montmonHonrte 


E 


70.7 


20.0 


1.19 


4.67 


2.29 


0.66 


0.51 


Ca /Na-montmonilonfte 



exchangeab le CA-nONS (meo/100 0\ EXCHANGE CATION RATIO 

fil*' JsSfl** ill' J5* Al±£l*' (Olv»l«m +trivH«m/mofiowl«m) 



A 


137.9 


15.8 


4,25 


.38 


33.2 


B 


115.4 


19.2 


5.18 


.94 


22.0 


C 


58.0 


10.0 


41 .7 


2-01 


1.56 


D 


25.7 


10.2 


5.74 


.32 4S.4 


13.4 


E 


57.1 


20.2 


11.2 


41 


6.67 



in contrast, those days exhibiting reiattveiy tow ( + 2. + 3/ + 1 ) exchange cation ratios (Gays C, E) show litUe 
or no improvement In loxtn binalng capacity when treated with either of two different sequestrant salts. The 
latter two days also generally possess lower surface areas and pore voiumes than do the other days which 
show ennancement in toxin bir«tng caoaciry upon treatment with soauestrant salts. 
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TABLE 6 

PHYSICAL PROPERTIES/AFLATOXIN B1 BINDING 
CLAY/SALT COMPLEXES: EFFECT OF CLAY/SALT TYPE 



CLAY ! 


SALT i 


SALT 1 


SLURRY 


LOSS ON 1 


VISCOSITY t 


H AFB1 


CODE ! 


CODE i 


LOADING i 


PH 


IGNmON 1 


(CPS) i 


BOUND 


1 


1 


(WT%) 1 




(WT%> 1 


i 


i 



A 1 




NONE I 




0 1 


7.5 1 


2.6 1 


357 1 




79.5 






OP 1 




1 1 


7.3 1 


3.8 1 


712 1 




84.0 










2 1 


7.7 1 


4.3 1 


1428 I 




87.3 










4 I 


1 


2 t 


PASTE 1 




87.7 


1 


TP 1 


1 1 


8.1 1 


4.2 1 


638 1 




80.5 


i 






2 1 


8.1 1 


3.5 1 


4 1 




86.7 






r 


4 1 


i 


4.5 1 


PAST1E 1 




87.6 




HP 1 


1 1 


7.2 1 


3 1 


258 I 




82.1 








2 I 


6.B i 


4.8 1 


265 I 




82.4 






1 


4 1 


6.4 1 


4.6 1 


219 \ 




86.8 


a 1 


NONE 1 


0 1 


8.9 1 


5.1 1 


375 1 




89.2 




TP 




1 1 


8.8 1 


4.7 1 


5 1 




88.1 








2 1 


9.0 1 


4.7 i 


76 1 




93.9 








4 1 


9.0 1 


3.3 1 


4480 1 




94.7 ! 




TS 1 


1 1 


9.6 1 


5.1 1 


26 1 




88.6 








2 1 


9.7 1 


4.2 1 


2220 i 




91.5 








4 1 




6.4 1 


PASTE 


95.7 




HP 


1 1 


8.6 t 


4.5 1 


12 


85.0 








2 1 


8.4 1 


7.8 1 


12 


1 


93.8 1 








4 1 


8.1 1 


3-7 1 


148 


I 


94.0 




SC 1 11 


9.1 I 


5.2 t 


880 


t 


82.0 








) 2 I 


9.2 1 


5.7 1 


908 1 


87.9 








; 4 i 


9.3 1 


5.7 1 


1316 


i 


93.0 




ST 


1 1 


8.7 1 


4.6 1 


300 1 


86.4 




1 




2 1 


8.6 1 


4.7 1 


408 1 


90.0 








4 1 


8.6 1 


3.4 1 


378 1 


94.5 


c 


1 NONE 1 0 1 


9.6 t 


i 


1420 1 


84.0 




TP 


1 1 


9.6 1 


1 


263 i 


82.8 








2 1 


9.5 1 


I 


183 1 


72.1 




t 




4 1 


9.6 i 


! 


24 1 


80.1 




1 *p 


1 1 


7.2 1 


1 


9 t 


84.5 




1 




2 1 


6.5 I 


I 


6 


1 


82.8 








! 4 t 


S.9 I 


1 


3 1 


84.7 



Sail coaa: TP»soaium tnooiypnosonaio; TS-i«rasoGium oyroonosonat*: AP-soaium acid oyroonosonai 
HP«soaium ntxam«taonosonat«: SC-sooium cttratt: ST*iSoaium tntosuitatt: OP^disooium onosonate. 
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TABLE 6 (CONTD.) 
PHYSICAL PROPERTIES/AFLATOXIN B1 BINDING 
CLAY/SALT COMPLEXES: EFFECT OF CLAY/SALT TYPE 



SOURCE i 


SALT i 


LOADING i 


SLURRY 1 


LOSS ON 


Vise, i 


<^ AFB1 


CUAY 

1 1 


CODE i 

I 






iQNmON 


(CPS: 1 


BOUND 

1 



0! 


NONE 1 


0 1 


3.5 1 


5.6 I 


354 \ 


82.4 


1 


1 1 


3.6 1 


5 1 


298 t 


85.2 


1 


2 1 


3,7 1 


4.4 1 


230 1 


90.2 




4 1 


4.6 1 


5.2 1 


60 \ 


89.6 


; AP j 




2.7 1 


5.4 1 


244 1 


86.9 




't 


2.3 1 


5.2 i 


412 1 


88.6 




1 4 1 


2.1 1 


5.1 1 


124 t 


87.0 


E i 


NONE 


1 0 1 


S.I ( 


2.7 1 


323 i 


92.4 


AP 


i 1 1 


4.7 ! 


2.3 i 


TOO THIN 1 


91.8 




1 21 


4.5 i 


2-7 1 


4 1 


93.2 




4 \ 


4.4 1 


2.5 1 


18 1 


92.8 


i 


TP 


1 1 


6.8 i 


3 1 


8 i 


93.1 


1 




2 1 


6.8 1 


4 1 


1590 1 


92.8 


1 




4 1 


1 


3.1 1 


PASTE i 


93.0 



Salt coo«: TP««ooium inooi^osonatt: TS«i«rasodtum oyroohoaonatt: AP«sodlum acid oyroonosonat 
HP«soaium nnamataonosonata; SC'SOdium citrata: ST««odtum tniosuitata: OP«disooium pnosonata. 
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EXAMPLEV 

The foiiovwtng in vivo tests were performed to illustrate the improrvemem in binding of aflatoxin that 
occurs when a fonnuiaiion of Oay B and 4% sodium acid pyropho^Dhate is empioyed in a living system as 
compared to using untreated base day (CLAY 6)* In these experimems. i week oid Arbor Acres X Peterson 
broiler chickens were wing banded and randomly piaced in Petersime battery cages, 25/pen, 2 
pens/group, except for group i which contained only 10 birds. They were provided brooding heaters at 95 
± 5 ®F. water and feed ad libitum. On day 7 the brooder heaters were turned down to 90 ''F ± 5 On 
day 10 the birds were transferred to a Petersime growing battery according to a randomization schediMe. 
Ten binjs were placed in each pen and maintained on their appropnate diets. Each group nf io birds 
represented a sampling period. Ambient temperatures were then maintained at 85 ^F* 5 ^'F. Trough type 
feeders and waterers were used. 

DOSING: Between days 13 to 14 (24 hour period) feed consumption was determined per pen d 
chicks. Based on this feed consumptton value, the total amount of aflatoxin B1 (^*C AFBl) and 
aflatoxin B1 (AFBl) to be given to the bWs was detenmined. The caloteted amourtt of AFBl and 
AFBl and approximately 0.15 gms of feed (either treated wrth base day. base ciay/4% sodium add 
pyrophospnate(4%), or nontreated. depending on the group) was placed in a small gelatin capsUe. 
capable of dissolving in ttie crop, and passed to the level of the esophagus in each chicken. After dosing, 
the birds were placed back into their pens and offered their appropnate diets. 

SAMPUNG: Sample times for each group of birds was 1/2 hour i hour, 2 hours. 4 hours and 6 
hours. Liver and Wood samples were obtained at these sampling times. The liver samples were 
immediately frozen at -20 **C. Blood was drawn into 10 mi hepannized vacutainer tut^es and immediately 
refrigerated (maximum of 6 hours) until centrtfuged and the plasma removed arxJ frozen at -20 °C, 

ASSAY: The samples were assayed for levels of AFBl by taking subsamples of individual 
livers (1 .0 gm> which were homogenized In 3X volumes of distiUed water and 5 mis of chloroform-methand 
(2:1 ) using a nigh speed* bierxier. The chioroform-methanol layer was removed and placed in a dear 0ass 
scintiilatuan vial containing 15 mis of Aqualyte Pius (J.T. Baker) scintUlation cocktail. One nrri of plasma was 



BN8DOCID: ^<WO_J»113666A1JL;» 



wo 91/13555 PCT/US91/01498 

-19- 



added to 19 mis of the scinttllation cocktail. Couming of the samples was done on a Beckman LS 7000 
Scinttllatk)n coumer. Each vial was counted over a pehod of 5 minutes with an external standard quer^ 
correction. Couming efficiency was detemiined by using the ^^C AFB1 standard. Background counts 
were subtracted from the total counts before dividing by the samole size and correcting for counting 
efficiency. 

FEED MIXING: A standard com-soy starter ratk^n was used. The feed was mixed in a 100 kg 
capacity horizontal paddle mixer. Additives were connbined with feed at levels sufficient to produce mixed 
feeds containing either 0. 1 % or 0.5% (dry wt basts) additives in the feed. Feeds were mixed for 10 mtruites. 
The norareated feed consisted of the basal ratk)n. 

AFB1 PREPARATION: AFBl was obtained from Moravek Biochemical, Brea. CA. The 
specific activity of the AFBl was 1 00-200 pCl/mmole. AFBl was obtained from Sigma Chemicals. 

DATA ANALYSIS: The amount of '*C AFBl In the liver and plasna was compared between the 
birds treated at the 0.1% additive level (20 and 80 ppb ^^C AFBl) and 0.5% additive level (20 and 80 ppb 
^*C AFB1) versus the nomreated birds (20 and 80 ppb AFBl). The pharmacokinetic parameters ot rale 
of adsorptk)a rate of eiiminatkxi and areanindef-ihe^unfe were computed for liver and plasma using the 
curve mung program ESTRIP (Brown and Manno. J. of Pharmaceutical Sci. . 1978. Vol. 67. 1687-1691). 
Analysis of variance was performed on the ^*C AFBl content of the liver and plasma at each time point and 
the pharmacokinetk: parameters determined with ESTRIP. Differences among the treatments was 
determined usirig Tukeys isd test The probability of a type i error was set at the nominal 5% level. 

RESULTS: Rgures 6A, 6B and 7A, 7B whteh were derived from the data in Table 7 ttlustrate 
graphically what happens to the amoum of ^*C AFBl detected in Wood serum and liver tissue versus time, 
respectively when chicks were fed two levels of radiolabeled aflatoxin in diets containing two different levels 
of base day or tsase day plus sequestrant. For both blood serum and liver tissue, aflatoxin levels peak 
during the first hour after exoosure and then gradually drop off with time. Clearly, diets containing either 
base day. or those containing base day plus sequestrant provide protection against exposure to aflatoxin 
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TABUE7 

IN VIVO BINDING OF C14-RADIOLABELED AFLATOXIN VS TIME 
BROILERS: ARBOR ACRES X PETERSON 



UVER DATA: CLAY B 



I AFB1 




CLAY 1 


TlUe - HRS r<Mi RADIOLABEL YS CUN 1 mOU 


1 


1 (PP8) 




(WT%) 1 


0.5 1 


1 


2 1 


4 1 


6 


1 III 


1 1 


i 20 1 


0 1 


97 1 


100 


93 1 


78 1 


65 ; 


1 80 1 


0 1 


90 t 


100 1 91 1 
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as evidenced by the fact that significantly lower ieveis of aflatoxin are detected in blood senim and liver 
tissues as compared to the levels detected in control groups (le. those where feed plus aftatoxin are 
present, but no addlth/e: see Table 7). 

However, as is also apparent the diets ueated with base day plus sequestrant are significantly 
bener at reducing aftatoxin deteaed In blood serum (by a factor of 2 to 4X) and liver tissues (by a faaor of 
2 to 8X) at the 1 hr peak time as compared to diets containing only base day (without sequestrant). This 
experiment then, provides in vn/o verification of the enhancement In aflatoxin binding capacity afforded by 
treating a susceptitsle montmorillonfte day with a typical sequestrant salt used in food processing. 

EXAMPLE VI 

The following in vitro tests were performed to demonstrate that other mycotoxins besides aflatoxin 
exhibit ermanced binding when exposed to appropriate day/seqtjestrant formulations. In this sat d 
experiments, five other commerctally stgruflcam mycotoxins were examined: deoxynivaleiK)!. zearalanone, 
ochratoxin A, dtrfnin and T-2 toxin. The day/sequestrant samples used in these experiments were the 
same ones as used In Example U. 

The foilcwtr^ modifications to the in vitro capacity test described In Example 11 were lAilized in the 
extraction and ar^ysis of these toxir^: 

Extraction Procedures 

1 ) For zearalenone, the extraction procedure was the same as for aflatoxin B 1 . 

2) For ochratoxin A and citrinin. the aqueous phase was addified with 5 drops of 10% aqueous 
HO and then extracted twice with 3 ml portions of dichloromethane. The organic extracts were 
combined and evaporated to dryness under nitrogen pnor to analysis. 

3) For T-2 arKl deoxynivalenol. the aqueous phase was saturated with sodium chloride and then 
exiraaed three times wrth 3 ml ponions of ethyl acetate. The organic extracts were comoined 
and evaporated to dryness under nitrogen pnor to analysis. 
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Anatvaia Pfgy^edures 

1 ) For ochratoxin A and citrtnin, the analysts procedure was the same as for aftatoxin B1 . 

2) For deoxynivalenoi arxJ zearaletxme, the residue from the extraction of the aqueous phase 
was dissolved in 40 pi of ethyi acetate. One (1) ix\ of this solution was added by on-column 
injectkxi onto a 12 m cross-Hnked nwthyi silicon capfllary column (0.2 mm LD. with 33 micron 
Urn thickness). Initial tefT^)erature was held at 40 for i min and then ramped at 40 Vrtwi to 
a final temperature of 270 ®C. Peaks were quanUlated by computer comparison of integratkxi 
values for the total ton chromatogFams of Individual sample mns with known standards wWch 
were sublected to the sanrte chromatographk: condittons. SUndards were routinely analyzed to 
ensure that the sensitivity of the GC/MS M not significantly change during the experiment 
Due to the extensive time requirements for GC/MS analysis, TLC analysis for zearatenone was 
found to be advantageous. 

Binding experiments were run at two dlfferenc sorbent levels: 100 mg and 10 mg sorbert/40 i&g 
toxin. Figures 8 - n are bar graphs showing the results obtained when 100 mg of the various 
day/seauesirant fwmulattons were used to bind 40 a g of deoxynivalenoi, zearalerKxw, ochratoxin A and 
citrinin. rest)eciively. With the exceptton of zearatenone. binding of other toxins was low (i.e. < 10%) wtien 
using only 10 mg of sortwnt: therefore only the results obiair>ed at the 100 mg level were graphed. T-2 
toxin binding resets were not graphed t)ecause it was detenmined that iransfonmatton into dtol and trio! 
derivatives (wtOch were subsequently desoft)ed) was at least partially responsible for its (apparent) 
reduction by binding. 

Nevenheiess. as is dear from the figures, each of the other toxins exhibit enhancement of binding 
in the presence of some combination(s) of day/sequestrant. That not ail or the same day/seouestrant 
combinations are effective in this regard is believed to be a consequence of not having determined the 
optimum day/seouestrant ratio for that particular toxin arxj seouestrant (eg. - see Example ItU. Also, it 



BNSOOaD: <WO_J»113666A1JLj> 



wo 91/13555 



PCr/US91/01498 



-23- 

must be kept tn mind that the chemicai structures (and consequently, reaaivities) for these toxins are quite 
varied (see Figure 12). On this basis, it Is not surprising that the optimum day/sequestrant ratio for 
promoting enhanced binding of a panicuiar mycotoxin would not necessarily be the optimum for another. 

EXAMPLE VII 

The foltawing in vttro test was performed to demonstrate that sequestrants enhanced the 
effectiveness at sortaertt materialt other than montmorilonites tn binding a mycotoxin. In this experiment 
aflatoxin bonding to pnosohate treated (and untreated) pseudoboehmrte alumina (a high surface area, 
paniatly crystalline oxyttydroxide of alumina) arxl pyrophyilite (a 2:1 phyltosiiicate possessing a structure 
identical to montmoriionite but devoid of interlayer cations) were compared to a Ca-montmohllontte 
obtained In Arizona. The phosphate salt used In these experimems was sodium acid pyrophosphate. 

P yocodure 

A solution of sodium add pyrophosphate was prepared by adding 50 mg of the salt to water and 
adjusting to 250 ml in a volumetric flask. An aflatoxin solution was prepared by adding i mg of aflatoxin B1 
to 1 mi of methanol (reagent grade). 1 ml of the phosphate solution was then added to 100 mg of the 
sortsent materials deschbed above in a test tut)e and Incubated for i hr at 37 in a water bath. Then 20 u 1 
of the Bl solution was added to the matehal In the test tube and incubated for 2 hrs at 37 ^C. In the case of 
the controls (without phosphate), the same procedures were used, but pure water was used in place d the 
phosphate solution. 

After extraction as per Example II, the residue was dissolved in 100 a I of chloroform. 2 mI of this 
solution was spotted on a lOxlO cm Anaitech HPTLC-HLF sUica gel plate (lot # 20888). The plate was 
developed with a chloroform/acetone solution (9/1, v/v) arxj quantitation was made by visual comparison 
of fluorescerice (365 nmi with known standards of aflatoxins Bl . B2. and G1 stx)tted on the same plate. 
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nMUiia, reponed In Tabtft 8. show that tn« addition ot phosphata sait annancea aasorpuon ot 
aftatoxin Bi. ragardlasa of the soroent type emptoyed. Slgnificandy, when ihe onosphate satt Is present, it 
aiso inhibits me formation of reiaied species of af»atoxin (l,e. - B2. Gl) from Bl as. for example, wnen 
alumina and oyrophylltte are the sonwnis . 

These results show that the use of sequestrams such as sodium acid pyrophospnate with vanous 
soroent matenais to enhance the binding of aflatoxin Is a general phenomenon and not restncted to a 
narrow dass of day minerals (le. • montmorilorutes). 



TABLE B 

EFFECT OF ADDING Na ACID PYROPHOSPHATE: 
AFLATOXIN BINDING ON OTHER SORBENTS 
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CLAIMS: 

1 . A dry solid paniculate animal feed addltK/e comphstng partldes of a phytlositicate mineral 
capable of inacttvatlng mycotoxins. satd particles being coated with a water*solul3te 
sequestering agent In an amount sufftdent to enhance the mycotoxin Inaaivating capacity of 
said partldes of mineral. 

2. The feed addtttve of daim 1 wtierein said sequestering agent Is funher charaaerized by being 
caoade of dispersing said partldes of phyUosilicate and is present in amount in excess of that 
required to disperse said partides of phyilostlicate in water. 

3. The feed addith/e of daim i wherein said phyllosilicate is a high calcium/low sodhim 
montmohilonite day and said sequestering agent Is present in amount in the range of about 2 
to 10% based on the weight of said day. 

4. The feed addtttve of daim i wherein said sequestenng agent is selected from the group 
consisting of sodium, calcium and potassium acetates: sodium, calcium and potassium citrates 
and free ackj and monoisopropyi, morKsgtyceride stearyl and triethyl derivatives thereof; 
disodium dihydrogen and disodium caldum salts of ethytenediaminetetraacetic acid: caldum 
and sodium gluconates: oxystearin: monocalcium acid, dibasic potassium, sodium aluminum, 
dibasic sodium, monobasic sodium, thbasic sodium orthophosphates: calcium and sodium 
hexametaphosphate: letrasodium and sodium pyrophosphate: sodium tripoiypnosonate: 
calcium pnytate; sodium and sodium potassium tartrates and the free acid thereof: soaium 
thiosulfate: and mbaures of the aforementioned. 

5. The feed additive of claim 2 wnerein said sequestenng agent is a phosphate or citrate salt. 
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6. The feed addtUve o( daim 3 wherein said montmorillonite has exchangeable cattons whose 
divalent plus tHvalent/monovalent cation ratio is greater than 7. 

7. The feed additive of datm 3 wherein said montmohllonite has a surface area in the range of 
about 40 to 80 m^/gm and a total pore voiume in the range of about 0.1 to 0.3 cc/gm. 

8. The feed addlthre of daim i wtierein said phyUosilcate is coated by spray drying an aqueous 
slurry of phyilosilcate and sequestranL 

9. The feed additive of daim i wherein said phyllosiiicate is coated by mixing an aqueous slurry of 
phyilosilcate with sequestram and then drying and pulverizing the mixture. 

10. A dry solid animal feed composition in which biodegradable feed is contaminated with a 
mycotoodn and is admbced with a mycotoxin inactivatlr>g agent comprising partides of a 
phyilosilcate mineral capable of inacth/ating mycotoxins, saftd partides being coated with a 
sequestering agent in an amount suffldent to enhance the mycotoxin inactivating capacity d 
said phyilosilcate. 

11. The feed composition of daim 10 wherein said sequestering agent Is further characterized by 
beir)g capable of Inactivating mycotoxins when coated onto partides of phyilosUicate in an 
amount sufficient to enhance the mycotoxin inactivating capacity of said phyiiosilicate. 

12. The composition of daim 10 wherein said phyilosilcate is a calcium montmorillonite, 

13. The composition of daim 10 wherein said calcium mommoriilonite has exchangeable cations 
whose drvaient plus trivalent /monovalent cation ratio is greater than 7. 
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14. The composition of daim 13 wherein said nKjmmorillonile has a surface area in the range of 
about 40 to 80 m^/gm and a total pore volume in the range of about 0.1 to 0.3 cc/gm. 

15, The composition of daim 10 wherein said sequestehng agent is selected from the group 
consisting of sodium, calcium and potassium acetates: sodium, calcium and potassium citrates 
arKj free acid and monoisopropyf. ntonogtycehde stearyf arxj triethyl derivatives thereof: 
dlsodium dlhydrogen and disodium calcium salts of ethylenediaminetetraacetic acid: calcium 
aivl sodium gluconates: oxystearin; monocalcium acid, dtlaasic potassium, sodium aluminum, 
dibasic sodium, monobasic sodium, tribasic sodium onhophosphates: calcium and sodium 
hexametaphosphate: tetrasooium and sodium pyrophosphatn: sodium tnpolyphosphate; 
calcium phytate: sodium and sodium potassium tartrates and the free acid thereof: sodium 
thiosulfate: and mbaures of the aforementioned. 



16. The composition of daim 10 wherein said coated phyilosillcate is present in an amot^t in the 
range of about 0.025 to i .5% by weight of the animal feed. 



1 7. The feed composition of daim 10 wherein said animal feed is poultry, swine or dairy feed. 



18. The composition of daim 10 wherein said mycotoxin is aflatoxin. 



19. The composition of daim 10 wherein said mycotoxin is aflatoxin. said phyilosillcate is a high 
caldum/low sodium montmorillonfte day and said sequestrant is a phosphate or citrate salt 
present In an amount of about 2 to 10% based on the weight of said calcium montmoriilonite. 



20. The comoosrtion of daim 10 wherein said phosphate salt is a condensed phosphate. 

♦ 
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21. The composition of daim 20 wnerem said condensed phosphate salt is sodium add 
pyrophosphate. 

22. The composition of daim 20 wherein sad condensed phosphate sa*t is sodium add 
hexametaphosphate. 

23. The composftion of daim 20 wherein said condensed phosphate salt is tetrasodium 
pyrophosphate. 

24. The composition of daim 10 wherein said sequestram is sodium citrate. 

25. A dry soiid animal feed composition in which the feed is contaminated with a mycotown 
selected from a group consistir>Q of aflatoxin B1. deoxynivalenol, zearalenone. odvatcodn A, 
dtrinin or T-2 toxin, admbced with from at)out 0.025 to 1.5% by weight of a high caldum/low 
sodium k»ntonite that Is coated with from about 2 to 10% by weight of a sequestrant 

26. The composition of daim 25 wherein said feed Is a dry poultry, swine or dairy feed. 
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^SIMMd EEBD ADDITIVE aiffi mniOS. EQB ^^^^^ 
TWACTIVATING l yiYCOTOXiNS £EBSBI!I IH aHIUai* ZEIES 

BArgGROTiND Q£ ZHfi IWVBMTIQN 
0 This invention relates to a method for inactivating 

mycotoxins which may be present as contaminants in animal 
feeds by adding a phyllosilicate/sequestrant formulation 
to animal feed which will function as a mycotoxin 
inactivating agent. 
5 Mycotoxins, chemical substances produced by 

iibiquitous fungi, can malce the difference between profit 
and loss to the poultry and livestock industries. Animals 
are extremely vulnerable to mycotoxins due to the common 
practice of diversion of mycotoxin contaminated 
10 agricultural commodities to animal feed. Thus, 
mycotoxicoses , or mycotoxin- induced diseases, frequently 
occur in animals . 

It is readily apparent from a review of scientific 
literature that the most studied and prevalent of these 
15 agents are the aflatoxins, a group of closely related 
polysubstituted coumarin derivatives, which are 
biosynthesized by llazifi and s^r^aitiWS species of 
ARpt^raillus fungi. The aflatoxins have invoked much 
concern as toxic food and feedbome agents following the 
20 discovery that they: 1) are potent carcinogens and 
mutagens, 2) are stable in foods and feeds and are 
relatively unaffected by a variety of processing 
procedures, 3) can be found as residues in the tissues of 
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animals and hiimans, and 4) are associated with animal and 

human disease. 

A preponderance of poultry and livestock exposure to 
aflatoxins is chronic in nature and occurs through the 
5 ingestion of low levels of these chemicals such as 
"marginally contaminated" rations which do not increase 
the mortality rate nor result in obvious signs of 
disease, instead, chronic exposure to aflatoxins results 
in economically in5)ortant effects in animals such as 
10 depression of growth rates, feed conversion and 
alteration of immunocompetency which can result in 
increased susceptibility to infection and decreased 
aUoility to resist stress. 

Numerous approaches to reduction of aflatoxin levels 
15 in agricultural conanodities have been experimentally 
assessed. These include mixing and dilution with 
aflatoxin- free grains in order to obtain a level within 
regulatory guidelines, i.e. 20 ppb or less; physical 
methods of separation such as cleaning, density 
2 0 segregation and preferential fragmentation; solvent 
extraction; biological inactivation; thermal 
inactivation; and chemical inactivation with a variety of 
acids, aldehydes, oxidizing agents and al)calis. These 
approaches have been relatively unsuccessful on a 
25 conmercial scale due to lack of efficacy, economic 
constraints of the protocol, unacceptable alteration of 
feed quality, or the introduction of potentially 
deleterious substemces. Consequently, simple, cost 
effective, practical and safe processes by which animal 
30 feeds can be decontaminated or detoxified are in great 
demand. 

The present applicants have recognized the 
widespread detrimental effects of aflatoxins in animal 
feed and have developed an additive which effectively 
3 5 binds aflatoxins or otherwise inactivates the aflatoxins 
during ingestion by animals. The bound or inactivated 
aflatoxins are subsequently excreted in the animal feces 
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resulting in little or no detrimental effects on the 
animals . 

Clays such as montmorillonite have previously been 
incorporated into poultry feed at levels as low as one 
5 percent of the animal ration as in U.S. Pat. No. 
3,687,680. Effects accompanying the addition of 
montmorillonite included increased growth rate and body 
weight of the chickens and reduced mortality rate. 
Dietary additions of zeolites (Smith, iL. Aoioal Science . 
10 1980 Vol. 50(2), pp. 278-285), bentonite (Carson, M.St 
Thesis Tlniveraitv afc Quelph . Canada 1982) and spent 
bleaching clay from canola oil refining (Smith, £aiLi. sL. 
aaimaL science. 1984, Vd. 64, pp. 725-732), have been 
shown to diminish the adverse effects of T-2 toxin and 
15 zearalenone in rats and immature swine. The adsorption of 
aflatoxin Bl from various liquid media by a variety of 
phyllosilicates, including montmorillonites, has been 
reported (Masimanco et al., hSlSLL. ds Nutrition SL 
Alimentation . 1973 Vd. 23, pp. 137-147). 
20 SUMMARY QZ ZHfi INVSNTION 

Accordingly, it is the object of the instant 
invention to provide an animal feed additive which 
eliminates the adverse effects of raycotoxins, especially 
aflatoxins, which are present in the feed without 
25 promoting undesirable side effects in the animals such as 
weight loss. It is a further object of the instant 
invention to provide a method to prevent the effects of 
mycotoxin (aflatoxin) intake in animals, especially 
poultry cuid swine, through the co joint administration of 
30 minimal amoxints of these additives with normal animal 
feeds . 

The present inventors surprisingly have discovered 
that the incorporation of a second ingredient, chosen 
from a group of sequestrants commonly used in food 
35 processing, along with a suitcUole phyllosilicate capable 
of inactivating a mycotoxin, preferaibly a montmorillonite 
clay, produces a material exhibiting heightened capacity 
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for adsorbing aflatoxin in vitro and further that such 
materials also exhibit substantially enhanced capability 
for reducing the effect of exposure to aflatoxin in vivo. 
Further, it has been discovered that such 
5 formulations can be utilized as feed additives to 
effectively bind mycotoxins, such as aflatoxins, which 
are ingested in conjunction with animal feed. The bound 
mycotoxin- additive complex is not significantly adsorbed 
during digestion and it is then excreted in the feces of 

10 the animal. 

It appears that the additives, that is, the 
phyllosilicate/sequestrant complexes, which are utilized 
in the present invention as feed additives and 
supplements, act as biosequestrants which promote the 

15 maintenance of normal body weight gains in animals such 
as poultry. These additives reduce the levels of parent 
mycotoxins, especially aflatoxins, which are available 
for assimilation in their digestive tracts during 
feeding. These additives effectively bind the mycotoxins 

20 and eliminate them in the feces. These additives are 
effective when used in minimal eunounts as feed additives 
for providing protection against mycotoxicoses during 
ingestion and digestion of the animal feed which is 
contaminated with mycotoxins, particularly aflatoxins. 

25 The additives of the present invention are combined with 
a substantially complete animal ration in minor amount, 
for exaii?)le, an amount ranging from 0.05 to 1.5 weight 
percent of the ration, preferably 0.1 to 0.5 weight 
percent, most prefereUaly 0.2 to 0.6 weight percent of the 

30 feed ration. 

One aspect of the invention comprises a dry 
particulate animal feed additive comprising particles of 
a suitable phyllosilicate mineral coated with a minor 
amount of a water-soluble sequestering agent in an amount 
35 sufficient to enhance the mycotoxin inactivating capacity 
of the phyllosilicate mineral. 

Another aspect of the invention comprises a dry 
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solid animal feed composition in which biodegradable feed 
is contaminated with a mycotoxin and is admixed with a 
minor amount of a mycotoxin inactivating agent comprising 
particles of a phyllosilicate mineral capable of 
5 inactivating mycotoxins, the phyllosilicate mineral 
particles being coated with a sequestering agent in 
amount sufficient to enhance the mycotoxin inactivating 
capacity of the phyllosilicate mineral. 

In the preferred embodiments of the invention, the 
10 phyllosilicate is a smectite clay, most preferably a 
montmorillonite day in which the ratio of divalent plus 
trivalent/monovalent exchangeable cations is greater than 
7. 

The preferred phyllosilicates used in practice of 

15 the invention are montmorillonite clays which are known 
to possess two kinds of binding sites: 1) those located 
on the basal planes of the day particles, amd 2) those 
located at the edges of the clay particles. Although the 
identity of the sites involved in binding aflatoxin is 

20 unknown, three possibilities exist: 1) binding is 
occurring only on baaal sites; 2) binding is occurring 
only on edge sites; or 3) binding is occurring on both 
basal and edge sites. One surprising aspect of the 
present invention is that the incorporation of various 

25 sequestrants actually enhamces binding of aflatoxin even 
though some of the sequestrants used in the present 
invention are phosphate and polyphosphate salts which are 
known (Theng, "The Chemistry of Clay-Organic Reactions", 
John Wiley & Sons, NY, 1974, pp. 264-268) to bind 

30 selectively to edge sites (thereby rendering them unfit 
for binding other molecules) . Under these circumstances 
it was expected that if case 1 were operative, there 
should be no effect of the added phosphate; if case 2 
were operative, there should be complete inhibition of 
35 aflatoxin binding; and if case 3 were operative, there 
should be some degree of inhibition. But for none of 
these cases was it expected that there would be an 
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increase in aflatoxin binding even though that is what 
was actually observed, 

E&IfiE PBSCRIPTIQW OS. IHS PRAW^NgS 
Figure 1. Aflatoxin binding capacity versus sequestrant 
5 "AP" loading on clay A. 

Figure 2. Aflatoxin binding capacity versus sequestrant 
type and loading on clay B* 

Figure 3. Aflatoxin binding capacity versus sequestrant 
"AP" loading on clays B,C,D and B. 
10 Figure 4. Aflatoxin binding capacity versus sequestrant 
type and loading on clay A. 

Figure 5. Aflatoxin binding capacity versus selected 
sequestrant /clay ccanbinations, low sequestrant loadings- 
Figures 6A,B. Aflatoxin in blood serum of chickens fed 

15 sequestrant /clay versus clay alone; 20 ppb and 80 ppb 
aflatoxin challenges, respectively- 
Figures 7A,B. Same as above except liver tissue. 
Figures 8-11. Deoxynivalenol , zearalenone, ochratoxin A, 
citrinin binding capacity versus sequestrant type and 

20 loading on clay B. 

Figure 12 . Structural formulas for some common 
raycotoxins . 

DBSCRIPTIQN Q£ PRBFBRRBP BMBQPIMBWTS 
Additives of the invention are utilized as small 

25 granules or powders and should be thoroughly mixed with 
the animal feed by any suitad)le manner prior to feeding. 
The terms "animal feed" or "feed ration" as used in the 
present invention refer to any natural and processed or 
otherwise modified organic materials which are 

30 susceptible to biodeterioration and which can be consumed 
by animals or birds for nourishment. Examples of such 
organic materials would range from freshly harvested 
grains to pelletized feeds. The preferred animal feeds 
for use in the instant invention are poultry and 

3 5 livestock feeds. 

The additives which can be utilized in the instant 
invention as mycotoxin (such as aflatoxin) inactivating 
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agents include various sequestrant/phyllosilicate 
formulations wherein the phyllosilicate portion of the 
formulation is preferably a smectite type clay. 
Structurally, phyllosilicates are essentially made up of 
5 layers formed by condensation of sheets of linked 
Si (O, OH) 4 tetrahedra with those of linked M^,:^(QH)^ 
octahedra, where M is either a divalent or trivalent 
cation or combinations thereof- In addition to possessing 
the aforementioned properties, smectite clays also 

10 possess a lesser amount of mobile {exchangeable) cations 
that can be easily solubilized when these clays are added 
to water. Phyllosilicate minerals include pyrophyllite, 
talc, vermiculite, micas, kaolinites, and serpentines as 
well as smectites. Closely related to the phfyllodilicates 

15 are the fibrous clay minerals including attapulgite and 
sepiolite. Exan^^les of the preferred smectite clays are: 
montmorillonite, Na-montmorillonite, Ca-montmorillonite, 
Na-bentonite , Ca-bentonite , beidell ite , nontronite , 
saponite, and hectorite. Most preferred are those 

20 montmorillonites possessing relatively high (+2,+3/+l) 
exchangeable cation ratios (i.e. - greater than 7) . 

The sequestrant portion of the sequestrant/clay 
formulation would include one or more food -grade 
sequestrant salts used in food processing. A partial list 

25 of such substances includes: sodixim, calcium and 
potassiutn acetates; sodium, calcium and potassium 
citrates as well as the free acid and mono is op ropy 1 , 
monoglyceride stearyl and triethyl derivatives thereof; 
disodium dihydrogen and disodium calcixim salts of 

30 ethylenediaminetetraacetic acid (BDTA) ; calcium and 
sodixam gluconates; oxystearin; ortho phosphates 
(monocalcium acid, dibasic potassium, sodium aluminum, 
dibasic sodium, monobasic sodium, tribasic sodium) ; meta 
phosphates (calcium hexameta, sodium hexameta) ; pyro 

35 phosphates ( tetrasodium, sodium acid) ; sodium 
tripolyphosphate ; calcium phytate; sodixam and sodium 
potassium tartrates as well as the free acid; sodium 
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thiosulfate and mixtures thereof. 

Many of these sequest rants, for example citrate 
salts and condensed phosphate sales (e.g., poly and 
pyrophosphates) are clay dispersants. It is worth noting 
5 that although condensed phosphate salts and citrate salts 
can act as either dispersants (substances for bringing 
fine particles in water into suspension which usually 
decreases viscosity) or flocculants (substances for 
bringing fine particles in water together to form 

10 agglomerates which usually increases viscosity) , the 
levels used in these preferred embodiments causes them to 
act primarily as flocculsmts. Accordingly, almost all of 
the sequestrant/clay slurries prepared in the following 
examples exhibited much higher viscosities than the 

15 corresponding pure clay slurries. This would seem to rule 
out simple dispersion (and increased available surface 
area) of the clay particles as the mechanism by which 
enhanced adsorption of aflatoxin is achieved. 
A typi cal preparation slL a Pregggrea 

20 flequeatra nt/phvllQgilicate is as follows; 

1) Dissolve sodium tripdyphosphate (STP) in water (10:90 
parts/wt. ratio) . 

2) Add STP solution to dried (~25wt% loss -on- ignition) 
and ground (60-100 mesh) montmorillonite clay in pugging 

25 machine such that the STP emd clay are present in a 4:96 
parts/wt. ratio (dry basis) . 

3) Pug clay/STP/water combination for 15 - 30 minutes to 
effect intimate mixture of ingredients. 

4) Extrude the day/STP/water mixture (5/16" or 5/8" die) . 
30 5) Dry resultant pellets (15-25 wt% loss- on- ignition) in 

tray or rotary drier. 

6) Grind pellets to form granules (16-60 mesh) or powder 
(100-200 mesh) . 

Another example Qt a procedure pygpftys a prgferrgc^ 
35 formulation would lis. follows: 

1) Dissolve tetrasodium pyrophosphate (TSPP) in water. 

2) Add the TSPP solution to montmorillonite clay such 
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that the TSPPiclay ratio is 4:96 and the resultant 
clay/TSPP/ water slurry contains 15 wt% solids (clay + 
TSPP) . 

3) Mix components for 30 minutes using a Talboy mixer. 
5 4) Spray dry the mixture using any suitable type of spray 
drier such that resultant microspheres have most of their 
diameters in the 60-80 micron range and possess 3-5 wt% 
free moisture. 

The following exanqples illustrate the invention and 
10 are not considered restrictive of the invention as 
otherwise described herein. 

The following in vitro tests were performed to 
demonstrate the enhancement in aflatoxin Bl binding 

15 capacity that results when a Ca-montmorillonite clay 
obtained in Mississippi (Clay A) was coated with various 
levels of sodium acid pyrophosphate. In this example, a 
clay slurry was prepared by mixing the dried (8-12% free 
moisture) and ground (93-97% T-lOO mesh) clay in water 

20 (20 wt% solids) , and then adding different amounts of 
sodium acid pyrophosphate to the stirred slurry such that 
the desired sequestrant level (dry wt. basis) was 
obtained. The con?>onents were mixed for 30 minutes and 
then poured into evaporating dishes and placed in an oven 

25 at 90-110'C overnight. After drying, the samples were 
pulverized in a hammer mill and s\ibsequently screened to 
obtain a -325 mesh fraction for further testing. Moisture 
content, surface area, and pore volumes for these 
preparations are listed in TeUale l. 

30 In vitro binding studies were conducted using these 

materials as follows: A weighed sample of additive was 
placed into a clean 16X125 mm disposable glass test tube. 
To this was added 5.00 ml of distilled water. The tube 
was vortexed for 15 sec and then placed in a 37»C water 

3 5 bath and allowed to equilibrate for l hr. After l hr, 40 
^ g of aflatoxin Bl was introduced (in a I fig/f^ 
solution) . The tube was vortexed for 15 sec and then 
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returned to the water bath and allowed to stand at 37**C 
for 15 min. The supernatant was carefully decanted into 
a clean test tube. The supernatant was then extracted to 
recover the remaining mycotoxin. 
5 The supernatant was extracted 3 times with 2 ml 

portions of dichloromethane. The d ichl or ome thane 
solutions were combined and evaporated to dryness under 
a nitrogen stream prior to analysis. The dried residue 
from the af latoxin binding study was redissolved in a 
10 known volume of chloroform, 2 fJ of this solution was 
spotted on HPTLC plate (Aiaaltech) and developed using a 
9/1 chloroform/acetone (v/v) solvent system. Quantitation 
was made by visual con^risoa to known quantities of 
af latoxin Bl spotted on the same date. Analysis of the 
15 af latoxin controls was. by GC/MS as well as HPTLC. All 
samples were run in triplicate- Tetrahydrofuran (THF) 
which had been fresJlLy distijaed from sodium metal was 
used as the delivery solvent for af latoxin Bl. The 
percent recovery of af latoxin Bl from the supernatant was 
20 determined from control samples run for each experiment. 
The percent recov^fy of jiflatoxfh Bl wc^s consistently 
found to be 100% for each experiment - as confirmed by 
GC/MS, TLC and HPLC quantitation- 

As shown by the data in Table 1 and the associated 
25 graph (Figure 1) , there is a substantial enhancement in 
the amount of aflatoxin boxjuid when the clay contains 
sodixim acid pyrophosphate sequestrant. According to the 
graph shown in Figure 1, a maximum in enhancement is 
achieved when the clay contains sibout 6 wt% of the 
30 phosphate salt. Clearly, higher levels of phosphate salt 
lead to reduced efficiency of binding; in the extreme 
case when the clay contains 20 _wt% of the salt, the 
binding capacity is actually somewhat below that of the 
untreated clay. While the reasons for this reduced 
35 binding efficiency at higher salt loadings is unknown, it 
is worth noting (Table 1) that both surface area and 
porosity decrease as salt levels increase. This suggests 
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there may be a trade off between the enhancement in 
binding caused by adding the aequestrant and the 
reductions it causes to surface area and porosity. As 
expected, higher levels of additive bind more of the 
5 toxin (compare Level 1 vs. Level 2); when 100 mg of 
sorbent are used with the standard aflatoxin solution, 
essentially all of the mycotoxin is bound. 
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TABLE 1 

AFLATOXIN B1 BINDING VS SALT LOADING 

CLAY AMOOIUM AOD PYII0PH06PHATE 


(llOoQ 


aunmci 




SALT 
LOAOMB 
(MM) 








0 


59 


0.093 


0 


49.0 


99.2 


0 


57 


0.088 


2 


S8.8 


98.5 


0 


80 


0.089 


4 


59.2 


99.2 


0 


42 


0.082 


6 


81.8 


98.9 


0 


36 


0.077 


8 


58.7 


98.5 


0 


27 


a087 


10 


52.7 


98.3 


0 


17 


&0S7 


18 


51.7 


99.2 


0 


IS 


0.044 


20 


48.7 


99.4 



(1) LOO • wm loM on dryino «t 1 10 dagraM C tar 4 hra. 

(2) MMaur«dbyBETmttfiod. (3) MMsurad by BHJ method. 
Lovol 1 - 1 mg tortMotf 40 ug ttwin. 

Lov^ 2 - 100 mo softMntf40 ug toxm. 
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The following in vitro tests were performed to 
demonstrate the enhancement in aflatoxin Bl binding 
capacity and stability that results when a Ca- 
5 montmorillonite clay obtained in Mississippi (Clay B) was 
treated with various levels of different (salt) 
sequestrants- Oven dried sanples were prepared as 
described in Exanple 1; spray dried samples were prepared 
as previously described fvide supra) . 
10 In vitro binding studies were conducted using these 

materials as follows: A weighed sanqple of additive was 
placed into a clean 16X125 mm disposable glass test tube. 
To this was added 5.00 ml of Type I I I water (equivalent 
to double-distilled deionized water) . The tube was gently 
15 agitated for 15 sec atnd then placed in a 37*C water bath 
and allowed to equilibrate for 1 hr. After 1 hr, 40 /xg 
of aflatoxin Bl was introduced (in a I A^g/^ solution) . 
The tube was vortexed .£pr 15 sec at 15 min intervals 
(15,30, and 45 min) . After 1 hr, the txibe was 
20 centrifuged for 5 min at 1200 rpm to yield a pellet at 
the bottom of the tube, and a clear supernatant liquor 
aibove. The supernatant was then carefully decanted into 
a clean test txibe. The supernatant was then extracted to 
recover the remaining mycotoxin to determine (capacity 
25 of) binding. The residual clay pellet was extracted to 
determine strength (stability) of binding. 
la vitro Capacity TeStB; 

The supernatant was extracted 3 times with 2 ml 
portions of dichloromethane . The dichloromethane 
30 solutions were combined and evaporated to dryness under 
a nitrogen stream prior to analysis. The dried residue 
from the aflatoxin binding study was redissolved in a 
known volume of chloroform, 2 /xl of this solution was 
spotted on HPTLC date (Analtech) and developed using a 
35 9/1 chloroform/acetone (v/v) solvent system. Quantitation 
was made by visual comparison to known quantities of 
aflatoxin Bl spotted on the same plate. Additionally, an 
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aliquot of the chloroform solution was injected onto a 
Water HPLC system (normal phase radial compression 
column, Pon's solution was used as a running phase) . HPLC 
detection was by UV absorbance at 365 nm. The 
5 quantitations were made by direct comparisons to a 
standard curve generated with }cnown quantities of pure 
aflatoxin Bl, 
IB vitro Stability isasja^ 

The residual clay from the 60 min binding studies 
10 was extracted by first suspending the clay in 3 ml of 
methanol. This was allowed to stand at room tenqperature 
for 5 min at which time the suspension was centrifuged 
for 5 min at 1200 rpm. The methanol was decanted into a 
clean test tube. The pellet was then resuspended in 5 ml 
15 of dichloromethane and allowed to stand at room 
temperature for an additional 5 min. At this time the 
suspension was carefully decanted into the first 
(methanol) extract. The organic phases were evaporated to 
dryness under a nitrogen stream and analyzed using the 
20 same procedure as that used in the capacity study. The 
amount of tightly bound (stable) toxin was assumed to be 
the difference between the amount of toxin initially 
added and the amount recovered from both the aqueous 
phase and the extract from the residual clay. 
25 With regard to stability of binding. Table 2 

contains the data on the percentage of aflatoxin firmly 
bound to these formulations when subjected to the 
stability test procedure described cdDove. As is clear, 
these forroulations form extremely staible complexes with 
30 the aflatoxin and most retain greater than 95% of the 
aflatoxin once it is adsorbed. 
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As shovm in Figure 2, practically all of the 
sequestrant salts utilized in clay/sequestrant 
formulations enhance the binding capacity for aflatoxin 
over the base clay (0% loading) . The only exception is 
5 calciiom phytate which seems not to improve binding 
capacity. Although the percentage salt loading required 
to achieve maximum enhancement In aflatoxin binding 
capacity varies from one salt to the next, most seem to 
reach a maxiirajm before 10 wt% of salt is added. As 
10 mentioned above, surface area and pore volume for these 
formulations generally decrease with increasing salt 
loadings (see Table 3) . 

gXAMPLE III 

The following in vitro tests were performed to 
15 demonstrate that the enhancement in aflatoxin Bl binding 
capacity that results when a variety of montmorillonite 
clays are treated with various levels of different (salt) 
sequestrants depends on complex interactions between the 
particular clay/sequestrant combination being utilized, 
20 as well as the level of the sequestrant being used. 
Scunples were prepared as described in Example I and in 
vitro capacity tests were performed as described in 
Example II. 

The data in Table 4 (see also Figure 3) shows 
25 clearly that only one of the four source clays (Clay B) 
exhibits enhamced capacity for aflatoxin Bl when treated 
with sodium acid pyrophosphate (AP) at levels in the 
range 7-21 wt%. This shows that with some clays, the 
point of maximum enhancement in binding capacity is 
3 0 reached even before 7 wt% of the sequestrant salt has 
been added. This result is in essential agreement with 
the data presented in Excunple I. Figure 4 shows what 
happens when another source clay (Clay A) is similarly 
treated with various other sequestrant salts. 



SUBSTfTUTE SHEET 



BNSDOCtD: 4WD_jB11366fiA1JA> 



/ 



wo 91/13555 



PCT/US91/01498 



-18- 



TABLE 4. EFFECT OF CLAY AND SALT TYPE 
AFLATOXIN B1 BINDINQ ON CLAY/SALT COMPLEXES 
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Thi3 example, therefore, illustrates the fact that the 
optimum salt level for achieving maximum aflatoxin binding 
is not the same for all combinations of sorbents and salts. 
Thus, for instance, the disodium salt of EDTA and sodium 
5 citrate exhibit enhanced binding when 7 wt% salt levels are 
utilized, but two other salts, hexametaphosphate , and 
disodium phosphate apparently have already exceeded their 
optimum by the time 7 wt% levels are utilized. This 
suggests that optimum clay/sequestrouat combinations must be 
10 determined individually. 

The following in vitro tests demonstrate that the 
desired enhancement in aflatoxin Bl binding capacity is 
optimum at around 4% salt loadings when montmorillonite 

15 clays are coated with different sequestrants. In addition, 
the data presented in this exanple indicate that certain 
types of montmorillonite, particularly those characterized 
by high di- and trivalent /monovalent exchangeable cation 
ratios, are most suitable for preparing enhanced capacity 

20 toxin sorbents by the methods of the instamt invention 
described herein. Samples were prepared as described in 
Exan^le I except that generally higher solids contents were 
employed (24-8 wt%) with the exception of Clay C where only 
9% solids were employed. In vitro capacity tests were 

25 performed as described in Exasqple II. 

TcUale 5 lists the chemical and physical properties for 
the montmorillonite clays used in this series. As shown by 
the data in Table 6 (see also Figure 5), those clays 
possessing relatively high (+2, +3/+1 ) exchange cation 

30 ratios (Clays A, B, D) are also the ones exhibiting 
enhanced aflatoxin binding capacity after treatment with 
relatively low levels of various sequestrant salts, 
regardless of whether that clay possesses a slurry pH on 
the acidic or basic side. 
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TABLE5 

CHEMICAL AND PHYSICAL PROPERTIES OF SOURCE CLAYS 
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In contrast, those clays exhibiting relatively low (+2, + 
3/ +1 ) exchange cation ratios (Clays C, E) show little or 
no improvement in toxin binding capacity when treated with 
either of two different sequestrant salts. The latter two 
5 clays also generally possess lower surface areas and pore 
volumes than do the other clays which show enhancement in 
toxin binding capacity upon treatment with sequestrant 
salts. 
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TABLES 








PHYSICAL PROPERTIES/AFLATOXIN B1 BINDING 


CLAY/SALT COMPLEXES: EFFEC 


T OF CLAY/SALT TYPE 
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TABLE 6 (CONTO.) 
PHYSICAL PROPERTIES/AFLATOXIN B1 BINDING 
CLAY/SALT COMPLEXES: EFFECT OF CLAY/SALT TYPE 
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BXft^g^P y 

The following in vivo tests were performed to 
illustrate the improvement in binding of aflatoxin that 
occurs when a formulation of Clay A and 4% sodium acid 
5 pyrophosphate is employed in a living system as compared to 
using untreated base clay (Clay A) . In these experiments, 
1 week old Arbor Acres X Peterson broiler chickens were 
wing banded and randomly paced in Petersime battery cages, 
2 5 /pen, 2 pens/group, except for group 1 which contained 

10 only 10 birds- They were provided brooding heaters at 95°F 
+ 5**F, water and feed ad libitum. On day 7 the brooder 
heaters were turned down to 90**F ± 5®F- On day 10 the birds 
were transferred to a Petersime growing battery according 
to a randomization schedule. Ten birds were placed in each 

15 pen and maintained on their appropriate diets. Each group 
of 10 birds represented a saxiqpling period. Ambient 
temperatures were then maintained at 85**F ± S^'F. Trough 
type feeders and waterers were used. 

DOSZNO: Between days 13 to 14 (24 hour period) feed 

20 consvunption was determined per pen of chicks. Based on this 
feed consximption value, the total amount of aflatoxin Bl 
(**C AFBl) and aflatoxin Bl (AFBl) to be given to the birds 
was determined. The calculated amount of ^^C AFBl and AFBl 
and approximately 0.15 gms of feed (either treated with 

25 base clay, base clay/4% soditim acid pyrophosphate [4%] , or 
nontreated, depending on the group) was placed in a small 
gelatin capsule, capable of dissolving in the crop, and 
passed to the level of the esophagus in each chicken. After 
dosing, the birds were placed back into their pens and 

3 0 offered their appropriate diets. 

SAMPLINGt Sample times for each group of birds was 1/2 
hour, 1 hour, 2 hours, 4 hours and 6 hours. Liver and blood 
samples were obtained at these sampling times. The liver 
samples were immediately frozen at -20®C. Blood was drawn 

3 5 into 10 ml heparinized vacutainer tubes and immediately 
refrigerated (maximum of 6 hours) until centrifuged and the 
plasma removed and frozen at -20 **C. 
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ASSAT: The samples were assayed for levels of AFBl 
by taking subsainples of individual livers (1.0 gm) which 
were homogenized in 3X volumes of distilled water and 5 mis 
of chlorof ortn-methanol (2:1 ) using a high speed blender. 
5 The chlorof orm-methanol layer was removed and placed in a 
clear glass scintillation vial containing 15 mis of 
Aqualyte Plus (J.T. BaUcer) scintillation cocktail. One ml 
of plasma was added to 19 mis of the scintillation 
cocktail • Counting of the samqples was done on a Beckman LS 

10 7000 Scintillation counter. Each vial was counted over a 
period of 5 minutes with aji external standard quench 
correction. Counting efficiency was detentiined by using the 
^*C AFBl stemdard. Background counts were subtracted from 
the total counts before dividing by the sauiqple size and 

15 correcting for counting efficiency. 

FSBD MZZINOt A staoidard com- soy starter ration was 
used. The feed was mixed in a 100 kg capacity horizontal 
paddle mixer. Additives were combined with feed at levels 
sufficient to produce mixed feeds containing either 0.1% or 

20 0.5% (dry wt basis) additives in the feed. Feeds were mixed 
for 10 minutes. The nontreated feed consisted of the basal 
ration. 

AFBl PRBPARATiaVt *^C AFBl was obtained from Moravek 
Biochemical, Brea, CA. The specific activity of the **C AFBl 
25 was 100-200MCl/mmole. AFBl was obtained from Sigma 
Chemicals . 

DATA ANALYSIS s The amount of **C AFBl in the liver and 
plasma was compared between the birds treated at the 0 . l% 
additive level (20 and 80 ppb **C AFBl) and 0.5% additive 

30 level (20 and 80 ppb '^C AFBl ) versus the nontreated birds 
(20 and 80 ppb ^*C AFBl) . The pharmacokinetic parcuneters of 
rate of adsorption, rate of elimination and area -under- the - 
curve were computed for liver and plasma using the curve 
fitting program ESTRIP (Brown and Manno, ^ Qt 

35 Pharmaceutical Sci. . 1978, Vol. 67, 1687-1691). Analysis of 
variance was performed on the **C AFBl content of the liver 
and plasma at each time point and the pharmacokinetic 
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parameters determined with ESTRIP. Differences among the 
treatments was determined using Tulcey's Isd test. The 
probability of a type 1 error was set at the nominal 5% 
level . 

5 RBSUI.TSt Figures 6A, 6B and 7A, 7B which were derived 

from the data in Table 7 illustrate graphically what 
happens to the amount of '*C AFBl detected in blood serum 
and liver tissue versus time, respectively when chicks were 
fed two levels of radiolabeled aflatoxin in diets 

10 containing two different levels of base clay or base clay 
plus sequestrant. For both blood serum and liver tissue, 
aflatoxin levels peak during the first hour after exposure 
and then gradually drop off with time. Clearly, diets 
containing either base clay, or those containing base clay 

15 plus sequestremt provide protection against eacposure to 
aflatoxin as evidenced by the fact that significantly lower 
levels of aflatoxin are detected in blood serxim and liver 
tissues as con5)ared to the levels detected in control 
groups (i.e. those where feed plus aflatoxin are present, 

20 but no additive; see Table 7) . 
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TABLE7 — 
IK VIVO BINDING OF C14-RADI0lABaED AFIATOWN VS TIME 
BROa.ERS: ARBOR ACRES X PETERSON 
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However, as is also apparent, the diets treated with 
base clay plus sequestrant are significantly better at 
reducing aflatoxin detected in blood serum (by a factor of 
2 to 4X) and liver tissues (by a factor of 2 to 8X) at the 
5 1 hr peak time as compared to diets containing only base 
clay (without sequestrant) . This experiment, then, provides 
in vivo verification of the enhancement in aflatoxin 
binding capacity afforded by treating a susceptible 
montmorillonite clay with a typical sequestrant salt used 
10 in food processing. 

The following in vitro tests were performed to 
demonstrate that mycotoxins other than aflatoxin exhibit 
enhanced binding when exposed to appropriate 

15 clay/sequestrant formulations. In this set of experiments, 
five other commercially significant mycotoxins were 
exaimined: deoxynivalenol , zearalenone, ochratoxin A, 
citrinin and T-2 toxin. The clay/sequestrant samples used 
in these experiments were the same ones as used in Exaunple 

20 II. 

The following modifications to the in vitro capacity 
test described in Exait5)le II were utilized in the 
extraction and analysis of these toxins: 

25 1) For zearalenone, the extraction procedure was the same 
as for aflatoxin Bl . 

2) For ochratoxin A and citrinin, the aqueous phase was 
acidified with 5 drops of 1096 aqueous Ha and then 
extracted twice with 3 ml portions of dichloromethane . The 

3 0 organic extracts were combined and evaporated to dryness 
under nitrogen prior to analysis. 

3) For T-2 and deoxynivalenol , the aqueous phase was 
saturated with sodium chloride and then extracted three 
times with 3 ml portions of ethyl acetate. The organic 

3 5 extracts were combined and evaporated to dryness under 
nitrogen prior to analysis. 

An^tygjlS PyQggcgytrgg 
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1) For ochratoxin A and citrinin, the analysis procedure 
was the same as for af latoxin Bl . 

2) For T'2, deoxynivalenol and zearalenone, the residue 
from the extraction of the aqueous phase was dissolved in 

5 40 /il of ethyl acetate. One (1) fjli of this solution was 
added by on- column injection onto a 12 m cross -linked 
methyl silicon capillary column (0.2 mm l.D. with 33 micron 
film thickness) . Initial temperature was held at 40 «C for 

I min and then ramped at 40 ®C/min to a final temperature 
10 of 270 ^'C, Peaks were quantitated by computer comparison of 

integration values for the total ion chroma tograms of 
individual sanple runs with known standards which were 
subjected to the same chromatographic conditions. Standards 
were routinely analyzed to ensure that the sensitivity of 
15 the GC/MS did not significantly change during the 
experiment. Due to the extensive time requirements for 
GC/MS analysis, TLC analysis for zearalenone was found to 
be advantageous . 

Binding experiments were run at two different sorbent 
20 levels: 100 mg cuid 10 mg sorbent/40 fig toxin. Figures 8 - 

II are bar graphs showing the results obtained when 100 mg 
of the various clay/sequestrant formulations were used to 
bind 40 fig of deoxynivalenol, zearalenone, ochratoxin A and 
citrinin, respectively. With the exception of zearalenone, 

25 binding of other toxins was low (i.e. < 10%) when using 
only 10 mg of sorbent; therefore only the results obtained 
at the 100 mg level were graphed. T-2 toxin binding results 
were not graphed because it was determined that 
transformation into diol and triol derivatives (which were 

30 subsequently desorbed) was at least partially responsible 
for its (apparent) reduction by binding. 

Nevertheless, as is clear from the figures, each of the 
other toxins exhibit enhancement of binding in the presence 
of some combination (s) of clay/sequestrant. That not all or 

3 5 the same clay/sequestrant combinations are effective in 
this regard is believed to be a consequence of not having 
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determined the optimmn clay/sequestrant ratio for that 
particular toxin and sequestrant (eg. -see Example III) . 
Also, it must be kept in mind that the chemical structures 
(and consequently, reactivities) for these toxins are quite 
5 varied (see Figure 12) . On this basis, it is not surprising 
that the optimum clay/sequestrant ratio for promoting 
enhanced binding of a particular mycotoxin would not 
necessarily be the optimum for another. 

10 The following in vitro test was performed to 

demonstrate that sequest rants enhainced the effectiveness of 
sorbent materials other than montmorillonites in binding a 
mycotoxin. In this e^qperiment, aflatoxin binding to 
phosphate treated (and untreated) pseudoboehmite alijmina (a 

15 high surface area, partially crystalline oxyhydroxide of 
alumina) and pyrophyilite (a 2:1 phyllosilicate possessing 
a structure identical to montmorillonite but devoid of 
interlayer cations) were compared to a Ca- montmorillonite 
obtained in Arizona* The phosphate salt used in these 

20 experiments was sodium acid pyrophosphate. 

Procedure 

A solution of sodi\im acid pyrophosphate was prepared 
by adding 50 mg of the salt to water and adjusting to 250 
ml in a volximetric flask. An aflatoxin solution was 

25 prepared by adding l mg of aflatoxin Bl to 1 ml of methanol 
(reagent grade) . l ml of the phosphate solution was then 
added to 100 mg of the sorbent materials described above in 
a test txibe and incubated for 1 hr at ST^C in a water bath. 
Then 20 /il of the Bl solution was added to the material in 

30 the test tube and incubated for 2 hrs at 37*>C. In the case 
of the controls (without phosphate) , the same procedures 
were used, but pure water was used in place of the 
phospilate solution. 

After extraction as per Example II, the residue was 

35 dissolved in 100 /J of chloroform. 2 /J of this solution 
was spotted on a 10x10 cm Anal tech HPTLC-HU silica gel 
plate (lot # 20888) . The plate was developed with a 
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chlorof orm/acetone solution (9/1, v/v) and quantitation was 
made by visual coit5>arison of fluorescence (365 nm) with 
known standards of aflatoxins Bl, B2 , and Gl spotted on the 
same plate. 

5 Results, reported in Table 8, show that the addition 

of phosphate salt enhances adsorption of aflatoxin Bl, 
regardless of the sorbent type en^loyed. Significantly, 
when the phosphate salt is present, it also inhibits the 
formation of related species of aflatoxin (i.e. - B2 , Gl) 
10 from Bl as, for exan^le, when aliimina ana pyrophyilite are 
the sorbents. 

These results show that the use of seguestrants such 
as sodium acid pyrophosphate with various sorbent materials 
to enhance the binding of aflatoxin is a general phenomenon 
15 and not restricted to a narrow class of clay minerals (i.e. 
- montmorillonites) . 
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TABLES 

EFFECT OF ADDING Na ACID PYROPHOSPHATE: 
AFLATOXIN BINDING ON OTHER SORBENTS 
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CIAIMS: 

1. A dry solid particulate animal feed additive 
comprising particles of a phyllosilicate mineral 
capable of inactivating mycotoxins, said particles 

5 being coated with a water-soluble sequestering agent 

in an aunount sufficient to enhance the mycotoxin 
inactivating capacity of said particles of mineral. 

2 . The feed additive of claim 1 wherein said 
sequestering agent is further characterized by being 

10 capable of dispersing said particles of phyllosilicate 

and is present in amount in excess of that required to 
disperse said particles of phyllosilicate in water. 
3 • The feed additive of claim l wherein said 
phyllosilicate is a high calcium/low sodium 

15 montmorillonite clay and said sequestering agent is 

present in amount in the range of about 2 to 10% based 
on the weight of said clay. 

4 . The feed additive of claim 1 wherein said 
sequestering agent is selected from the group 

20 consisting of sodium, calcium and potassium acetates; 

sodium, calcium euid potassium citrates cuid free acid 
cuid monoisopropyl , monoglyceride stearyl and triethyl 
derivatives thereof; disodium dihydrogen and disodium 
calcium salts of ethylenediaminetetraacetic acid; 

25 calcium and sodium gluconates ; oxystearin; monocalciuiti 

acid, dibasic potassium, sodium aluminxom, dibasic 
sodium, monobasic sodium, tribasic sodium 
orthophosphates ; calcium and sodium hexametaphosphate ; 
tetrasodium and sodium pyrophosphate; sodium 

30 tripolyphosphate; calcium phytate; sodium and sodium 

potassium tartrates and the free acid thereof; sodium 
thiosulfate; and mixtures of the aforementioned. 

5, The feed additive of claim 2 wherein said 
sequestering agent is a phosphate or citrate salt. 

35 6. The feed additive of claim 3 wherein said 

montmorillonite has exchangeaU^le cations whose 
divalent pus trivalent/monovalent cation ratio is 
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greater than 7 . 

7. The feed additive of claim 3 wherein said 
montmorillonite has a surface area in the range of 
about 40 to 80 m^/gm and a total pore volume in the 

5 range of aJDOut 0,1 to 0.3 cc/gm. 

8. The feed additive of claim 1 wherein said 
phyllosilicate is coated by spray drying an aqueous 
slurry of phyllosilicate and sequestrant, 

9. The feed additive of claim 1 wherein said 
10 phyllosilicate is coated by mixing an aqueous slurry 

of phyllosilicate with secjuestrant and then drying and 
pulverizing the mixture, 

10. A dry solid smimal feed composition in which 
biodegradable feed is contaminated with a mycotoxin 

15 and is admixed with a mycotoxin inactivating agent 

con5)rising particles of a phyllosilicate mineral 
capable of inactivating mycotoxins, said particles 
being coated with a sequestering agent in an amount 
sufficient to enhance the mycotoxin inactivating 

20 capacity of said phyllosilicate. 

11. The feed conqposition of claim 10 wherein said 
sequestering agent is further characterized by being 
capable of inactivating mycotoxins when coated onto 
particles of phyllosilicate in an amoxint sufficient to 

25 enhance the mycotoxin inactivating capacity of said 

phyllosilicate . 

12. The conqposition of claim 10 wherein said 
phyllosilicate is a calcium montmorillonite. 

13. The composition of claim 10 wherein said calcium 
30 montmorillonite has exchangeable cations whose 

divalent plus t rival ent /monovalent cation ratio is 
greater than 7 . 

14. The composition of claim 13 wherein said 
montmorillonite has a surface area in the range of 

35 aJbout 40 to 80 mVgm and a total pore volume in the 

range of about 0.1 to 0.3 cc/gm. 

15. The composition of claim 10 wherein said 
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sequestering agent is selected from the group 
consisting of sodium, calcium and potassium acetates; 
sodium, calcixim and potassium citrates and free acid 
and mono is op ropy 1 , monoglyceride stearyl and tiethyl 
derivatives thereof; disodium dihydrogen and disodium 
calcium salts of ethylenediauninetetraacetic acid; 
calcium and sodium gluconates; oxystearin; monocalcium 
acid, dibasic potassium, sodium aluminum, dibasic 
sodium, monobasic sodixam, tribasic sodium 
orthophosphates; calcium and sodium hexametaphosphate; 
tetrasodium and sodium pyrophosphate; sodium 
tripolyphosphate ; calcium phytate; sodium and sodium 
potassixim tartrates and the free acid thereof; sodium 
thiosulfate; and mixtures of the aforementioned. 

16. The conposition of claim 10 wherein said coated 
phyllosilicate is present in an amount in the amount 
in the range of about 0.025 to 1.5% by weight of the 
animal feed. 

17. The feed composition of claim 10 wherein said 
animal feed is poultry, swine, or dairy feed. 

18. The conposition of claim 10 wherein said mycotoxin 
is aflatoxin. 

19. The cotr5)osition of claim 10 wherein said mycotoxin 
is aflatoxin, said phyllosilicate is a high 
calcium/low sodium montmorillonite clay and said 
sequestrant is a phosphate or citrate salt present in 
cin amoxuit of aUDOut 2 to 10% based on the weight of 
said calcium montmorillonite. 

20. The conqposition of claim 10 wherein said phosphate 
salt is a condensed phosphate. 

21. The composition of claim 20 wherein said condensed 
phosphate salt is sodium acid pyrophosphate. 

22. The composition of claim 20 wherein said condensed 
phosphate salt is sodixim hexametaphosphate. 

23. The composition of claim 20 wherein said condensed 
phosphate salt is tetrasodium pyrophosphate. 

24. The composition of claim 10 wherein said 
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sequestrant is sodium citrate. 

25, A dry solid animal feed composition in which the 
feed is contaminated with a mycotoxin selected from a 
group consisting of aflatoxin Bl, deoxynivalenol , 

5 zearalenone, ochratoxin A, citrinin or T-2 toxin, 

admixed with from about 0.025 to 1.5% by weight of a 
high calcium/low sodium bentonite that is coated with 
from cd30ut 2 to 10% by weight of a sequestrant. 

26, The coitqposition of claim 25 wherein said feed is 
10 a dry poultry, swine or dairy feed. 
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FIG. 3 
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FIG. 6 A 
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